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Effect of mulberry fruit extract on blood lipid profile and vascular
function in mice fed with high fat and high sugar diet
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with high fat and high sugar diet
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Effect of mulberry fruit extract on histology and expression of
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Abstract

Dyslipidemia is one of the risk factors of cardiovascular diseases such as hypertension
and atherosclerosis, thus consumption of food products that carry lipid-lowering property can
prevent this abnormality. Mulberry is natural product that had been reported that it carried
hypolipidemia and anti-atherosclerosis activities. This study, therefore, aimed to verify the
atherosclerosis protective property as well as anti-obesity ability of un-processed dried
mulberry fruit powder (10, 30, and 100 mg/kg) on high-fat diet-induced atherosclerotic mice
for three months by measurement plasma lipid profile, food intake and bodyweight gain. The
results showed that dried mulberry fruit powder particularly 100 me/kg could significantly
decrease plasma cholesterol, triglyceride and increase HDL compared to only high fat diet
consumption. In addition, 10 mg/ke of fruit powder mildly stimulated vasorelaxation. Dried
mulberry fruit powder of all dosages also trended to reduce plasma LDL and atherogenic
index. Moreover, the fruit powder not only suppressed food intake but also bodyweight gain
of mice. In conclusion, these results suggested that un-processed dried mulberry fruit powder
provided atherosclerosis and obesity protective potency caused by high fat diet. This pant can

serve as natural functional food for cardiovascular disease.

Keywords: mulberry, dyslipidemia, atherosclerosis, obesity, high fat diet



~ -]
Un 1 unun

a =
1.1 BuRaLasnan

LY = a . . s o o o Y a LY '
agluiuluBeoninund (dyslipidemia) Wutasoidosddndvinlmantsassuuialetou

waoaLion (cardiovascular diseases: CVDs) 191 Iﬁﬂmmﬂuiawmm Lsailaviniden sevaonidon
auos Judulsalifnsenuudods (chronic non-communicable disease: NCD) inuluSonansauly
udaggeongy LuammmLLa'mmeaﬂmumsmaamammumu,aummaalmu&nLwainmmaam%am
danaranuMTInlusTeYe1 LLﬁ“ﬂ@I%Lﬂﬂﬂ’]’iumaa\‘lmJVl\‘inﬂ’]‘iiﬂ'Lﬂ}’]WEJ’]U’]&LLa”ﬂ’]‘iﬂLLaNU’JEJ
MNTIBIMUTeIRIANITEUETElan (WHO) Tsalundy CvDs i Tsaialenmiden (ischemic heart
disease) wazlsnnaonidonauad (cerebrovascular disease/ stroke) Lﬂummmmsmaauﬂwuwm
UiumnﬂaﬂmﬂumwmLgawtwmm wazfuunlinfintuann 17.1 Sweu Tud o 2008 Gy 23.4
auaulud a.m 2030 Usginrlnoiifi s dedinselsalungu CVDs §409 40,000 Ausiol vseAnly
Filusay 5 Ay (NT¥NTNASI5UER, 2550) maﬂwu‘lmaaﬂawﬂwanmmiaﬂLawmwaamaam
wagvilWivaesidonunsuds (atherosclerosis) FednAntuiinasnideniilelussoseraeyiliviass
wideavialedy auiilugnnzilaviaiden (myocardial ischemia) Td mnldlégunissnunagig
vuvhsiiagsilinanuidonlane (myocardial infraction) LLa“wﬂwaamﬁmnmiumaﬂ NSMENT
anﬂmammmmmammwmﬁawmmimmLawawﬂwmmmnm%namLuwﬂwwmaam 98
mmdAglunsussmeugulsivoslsald
ﬁqﬁ?uﬁﬁmnﬁwﬁmﬁm%lﬁ%mmmsﬁmmsaammmﬁmmstﬁmim CVD WagHIUNISNAdaUY
grimandvineludainaaesdrelunaimuzanfosfulsslouiod 1 AT iFefne
Uszﬁw%mwmaaaﬂwﬁauauLLﬁaﬁmumwmaaUmU%mmuau‘lw%’amﬁu (total monomeric
anthocyanin content) msmaauqwsmsmuaumaaaiu (DPPH, FRAP assay) miaaﬂqwsmums
ama‘uu,aqusmumiLmunamwmmamaam IumaamumLLmImsJamuuwmwmmamsLLau
wnAlulaBuriaUszinelne (33.) wudngnusleueuusteilszfuves anthocyanin ‘VlaﬂLLﬂqu%SMTuﬂ’ﬁ
SALaY mwmummau‘lwnaamaaaﬂimamanmauauLmalﬂmaa‘uqmsmamamwm‘lu
ammammnmumuﬂ%mﬂmav atherosclerosis mnms”tmummswuhmm Lwammmman
nisuouwislunisanssauladuluden mmmqwﬁiumiﬂmammwa@mLaaﬂ mmauamlmvu
Uﬁ“‘lmﬂumiwmmwamﬂm%La'ﬁummﬁLwaﬂaﬂnumsmﬂimlunau CVDs moll

1.2 InQuszasrvaslasInsidy

efnyusAnSravesesatngnuoulunsanauidemsiinlselussuuiilasamaen
enludineaedléiuomnsluiugs Tavnvwasofuuseeluil
- suauluiuludion leun total cholesterol, triglycerides, low density lipoprotein (LDL)
Wae high density lipoprotein (HDL)
- Atherogenic index (Al)
- MIAANERMYDIMADALTAIDDBSM



UNN 2 NUNIUITIUNTTY

amlufuluifentinund (dyslipidemia) wazamzimaluidengs (hyperglycemia) 1y
o o w a o Y a LY ] , . |
Uaduidusddgivinliinlsaseuuiilesaumaendon (cardiovascular diseases: CVDs) 1y ne
- o . ) a %) o o 4
vaoaldonunads (atherosclerosis) lsaruiulafings lsalevnden Tsavaenidenauss Fadu
a1 & o . . s = Y] )
Usaliifinstenuuiies (chronic non-communicable disease: NCD) inuluiunanseuluaudedgeony
o a ¥ LR L L4 Ve 1 i | o ¥ aos o o @ 1 !
Wetfinduudaguredeslasunisguastnemoiiiesuaziinfeddsusnuienuinaendin dunade
A n@inlusvezen uagnelilinansedediauriaiiunissnvineuiauaznisquagiae an
189uv8s03AnIToUialan (WHO) tsalungu CvDs 1w Tsavlavaden (ischemic heart
. . v ow
disease) unzlsanaaniionanes (cerebrovascular disease/ stroke) L"fJummesmaauﬂwuwm
Usgmnslanvislumwemdganazineny waziuuldufiuduain 17.1 dweu Wl aa. 2004 1Yy 234
duaulul a.a. 2030 UssindlvediUiedeiindelsalungu CVDs gl 40,000 ausiod vieAnidu
la9ag 5 AU (N5291599815715008%, 2550)
& < o | by, | & a a - & o
ATINEOALTOAWAILTS %38 “Atherosclerosis” WWuAMuRAUNATINaonLdonudsazyn
- | o g o - ) RS- Y =
auBavigunAsavanvedluiulutuboyremasnidion (endothelium) sifintufiunaenidenuns
YWIANANUAEIUIALY SEEzLInTeINIaAnlsA atherosclerosis {Uheazdiliiiansennisla 9 aund
t 1 o e d < o
wrwlinnnd 10 U Jauansornmsmrddnilosnifierudemsuariinisgafuvomasndon
08 ¥ o ) ¥ ¥ IR P Y | v
vleduiwene o vmdenluides oansuansdduedivuinaiiinisoaduvesvasnden Wy &
4 o v v = : 4 A v a a o 4
waoaonNIIgaauyUIve1aiionsUinteuiiouiin q manuiauniidunaeaidenluss vy
a = v 4 o 4 v g 4 = S )
NRwUeNTONRleNsUIRYIBlBiuUsELoMIS Vienluneendeniilufewidlassionnis
Wuwdumihen daudnbunaenienduenziionisuanimsyuulssam mnlsailmnuguusennee
[} & af 2/ J o o q’ﬁ ¥ o a
denalbitinisaevesndmiilovioeivsiivasadoniu 4 lidos eummuasweSanwuenisia
, - v v o w o & ¢ o ¢
atherosclerosis 1ABWBATUNAIBNTLUIUNIANEIRY (21 1) fadl (NsoanIgyand giind 2560;
Aluganti et. al,, 2016; Cahill et. al,, 2016; Paul and Hopkins 2013; Pircher 2016)



Fibrous cap

Vascular lumen

DL /Monocytes
! | (9 l Endotheli
° 4 (‘) Endothelium

2N

oam cells
Macrophages /

Vascular smooth muscle cells

| @ . o
AW 1 nalnnisifia atherosclerosis (N5e9N150YaN YANE 2560)

winawe: LDL = Low density lipoprotein, OxLDL = Oxidised LDL

4 Vot =3 3 ' =§l Qs | Qs A = = « .
1. vieeagionlasuuaduanmgae 4 ag1asess 1w amgludiludeainun® (dyslipidemia)
uwaludiengs (hyperslycemia) Avuaulaiings (hypertension) guyvs “a< deali endothelium
o - . o = o @ A
Beovngauinnie endothelial dysfunction Uavmauauadlaevasasnfsgainidenyn lnglame
monocyte T minzuazwvsndndalUlumloaendonannti monocyte avgnnseulinateidu
¢ < . < 4 = - e w o e . o )
WaaN active To11 macrophage Faluwaannsonazdviudwlanuaoy lnsnwgludusie low
- . o o
density lipoprotein (LDL) waqﬁlugﬂ oxidised LDL

2. MU oxidised LDL 1t macrophage ¥ macrophage LUﬁEJULLUaGgUi'NL‘fJu “foam

$ ] o L. t o v g

cell” Faduwadniinsazauvosluliu (ipid droplet) agdmnuunly cytoplasm wazdinanszauly

Q‘I 1 a} s -] L= o . . d‘ ]
macrophage #A3d13619 9 AVNURLAANTEUIUNISENLEY (inflammatory cytokines) Weduiu
foam cell WxTu JoiliAnanvazvostuluiufivuimiuionin “fatty streaks”

3. AONNREINITNAIENTANY 9 9Nwad activated platelets, macrophages, endothelial cells,

wadHindDAYIRNg 9 waswasnauliBiSsuYeIADalien duwaiunisiUaead iunsiasgiule
¢ o vy = n:l & , ¢ v & o v 1 4

YOUTAS waryinliln1sindeuivesia endothelium wazlwadniunilaSsuingtuluvemaeniton

gj . . s 1 LYl = [] o

suiainsazanves connective tissue Suumgilassaswdaaonidoniuaeunlas nanfe il
= a % ] & a o o= 9 1

waoadeniiaunuiyudiunluvieveinasaiiion 1Sendn “fibrous cap” Fedouiauiluilu

2

«“ » l:]d 1= o o/ o 424 <4 o/
plaque” AivAlngTumuduIwIiviaemfongasiu

@,



P o & o o R Y = & a
4. die plaque WuWINNTGEY 9 azuanluign uasyinilinsudsiivenden Juiuntsayey
Y PN Y ¢ d e a 1 ¢ v & o
YDINBULADANIUYIANT (thrombus), WwaallAREAYIVUARY 9, foam cells waraanaulialTeu
& ¢l v . . o ) ¥ o o 1 & | v
FINVRIAYYINVBILVAINABLET (apoptotic bodies) ¥l plaque BafluunaluguinTuuavdnals
% 3 am d y
vaeadenRusunnty sudsngiiueinisuanserdinfifininuguusesnniu msuanves plaque
Y| Yo e W ! & o o & o Y R
Fedwraliiindaunden (emboli) desasglumunseuaioniionslugafunaoniiondu 9 Suasdavinld
R UATIBLINTUN AU
o = Y - g o v
uenanaswuMsasuulasveaenifonlunngluiuludengauazAdmaluidengaudy
o e oS a2 2 @ i a . . R
gaflsngaunnantinisivdeuntasvesiale Tnawuiinisiinees low density lipoprotein
cholesterol (LDL-C) wagn15aa8au@9 high density lipoprotein cholesterol (HDL-C) Tuidon dawa
0 ooy N ¢ .J o o 1 $ -
ilifin atherosclerosis ¥o4 coronary artery Jaluanngiidfiyeereamilavesnisiia coronary
heart disease WagWu11n13¢ dyslipidemia Ineiin15iANTUYDY total triglyceride (TG), LDL, and
very low density lipoprotein (VLDL) annawesomnsiasiuas (high fat diet) fnasio morphological
changes w4 cardiovascular system o left ventricular hypertrophy (LVH) uagialafinisgeyde
v o 1% o [ o .
wihh arnaaten1ziladuimasluian (Ballestri S. et al,,2014; Schaefer E. et al,, 2002)
venanilnmgluiuluiongs dnwusaudunisiisgivihmaludongaayinivunalviuasauiu
ludnanelaglanizusind1in wielsondn “duuawe” nsavdulvdusinifuldlueadiv
(steatosis) %38 non-alcoholic fatty liver disease (Xu X. et al., 2015) Inganvndlvgiinunain
a A o g a a e o = v P2
nmsuilaremsiiilviuuagiiniags nmeAnunfvarldnnuluTenaisaulysufegeeny e
a d'( L A 14 Vs ? ! d’ LY 4 25 A o/ 3 i 1
Winduudgthesoslasunisguasgsseiiios uaziindodlasueniionsinuinandin Jediwan
AunmPInluszezeny wazidumsededinuriadhunisshyineiuiauasnisguagdoe
Qs A 1 o k74 d’ L d] o/ L7
Tun15$nwn atherosclerosis drunndouldsfioantviuludonifieldtesiuuazsnuise
4 o VY v P .o ° | o - v
waoalaeALAsLdY Wit EUiiloIn59es atherosclerosis Mjuussauilugaeilavindonuds
Qs & 1 4 U 1 1 A A 3
nsineineszielanenisanveenaondonlnenisldunain (stent) ¥Soniserdmnudseste
<4 | ) 9 1% i oda L o v ] .
viaeadealilval (bypass surgery) saufumislvisnguiiigusveievasnidion loun sngu nitrates
v o £ W ) v o t o o o [
mslieignstesiunisudaiovonden laud aspirin uaznislienduiannisviaueeaiile Téun
beta-blocker, calcium channel blocker, angiotensin converting enzyme inhibitor wayvaanlvsiu

= 1

1 ] o Y aa v : v v o - vy ' 1%
Wy aziiudinisinwideisdanandisiu Wunsshviivanomeuarilald9eAeudragennn

o

LY w’j 2/ = o < =~ n‘ o/ a | N
Aatugniindasineiasuomns algvslunisdestunisiinlse CVDs fesdluusylvviosada

wilslunalifineunaulafio gnusieu wie mulberry fiuit ffeneenandin Morus alba
Linn. 10uiivluasd Moraceae (driinaudeyaayulns eazindurmans unviverdonfing) nagnues
vilouildsunsuazgauludieasngu polyphenols wanewile (Bhatt et. al, 2017; Huang et. al.,
2017; Wang et. al, 2013) laglawg anthocyanins ansafingnyieunas anthocyanin ﬁqwémﬁmﬁ‘d
INYWINUNY LU qwéﬁwuﬂﬁﬁ%maaﬂ%m% (Huang et. al, 2017; Jiang et. al,, 2013; Wang et. al,
2013; Yang et. al., 2010) t;]Vl'éaﬂ‘l"uﬂulmﬁaﬂ (Yang et. al., 2010) qwééﬁmmmm (Wang et. al,,
2013) qw%‘éfwé’mau (Lim et. al,, 2013; Liu et. al,, 2012) swﬁu’mvx%‘iuﬂﬁﬂaaﬁ'umuﬁﬂ



atherosclerosis (Jiang et. al., 2017) Lmsqﬂﬁunﬁﬂnﬂmwaéﬂwmmmnmawmﬁaﬂ (Kang et al,,
2006; Kang et al., 2006)
mﬁﬁﬂmgﬁmﬁ’qu‘émemé’ﬁwmmmgnwﬂauﬁmumﬁﬁgﬂuwaaﬂmaaa (in vitro) wazlu
dnsnaaes (in vivo) Fedangidunsinwilneldensadn uAdsdinmsfinyusyandnmusgniieud
Talbiunasuaumsudsy miﬁﬂmﬁ%’aaaﬂLlfuuﬂ73‘V\ﬂam‘l,ﬁé’wimamﬁummiqmswamﬁﬁ?’?\ﬂmﬁuqq
dedmhliiAnnzluiludengs Tnsliudedewnuis 3 oy wonsealsiilutuludongs uay
WhaneBanwuesvaonidion fio (fin atherosclerosis Fadutlasaidsiiddauoinainnigile
vindion gnuloueuukaildlunsdinudunswesgnmlsuiliumsnageumuiuna anthocyanin
(total monomeric anthocyanin content) msmaaqu‘ﬁgﬁma%a@aw (DPPH, FRAP assay) n13
mmaaqu‘éﬁwumﬁaa’”ﬂLauu,azqw‘ééﬁuﬂmmzﬂduﬁumaLﬂﬁmﬁ@m‘luﬁmﬁumLLa”fﬂmsJamﬁ’u%’a
MemansiazlyaluladuisUsumalne (2. %awudﬂmiaﬁmgnmjauﬁszﬁwaﬁ anthocyanin ﬁga
wardigvdiiuntsdniey {3 urenanlatthgnlousuwisiiil anthocyanin gs wienlnerhe
indvuavnandneisTsund dontuideiveneansuavimalulabuiesymdlne () fnswdeulag
1478 freeze-dry mauruamnminediasizyiusanm anthocyanin Tng 35 high performance liquid
chromatography (HPLC) NWVIﬂﬁEJUQV]éVI’NLﬂﬁ‘lﬁ%ﬂﬂﬂﬁﬂ’ﬁ%ﬂﬁ@ﬂﬁQﬂ‘?fﬂﬁ’liﬁlﬂﬂﬂ'1’33
atherosclerosis 9 sldsuomsTifluiu oguavesgnualousuieenisiuems vming
uarluduludon vesdninnass saviqudlumspaneivomaoniden Tnonisfnwnilsjeiionfuna
ansEeu cholesterol, triglyceride, low density lipoprotein cholesterol (LDL) N15A¥®1M15 wae
g wsitdiy high density lipoprotein cholesterol (HDL) ’Lmﬁ@maqﬂtjmé’mimamﬁlﬁ%@ﬂ
WU U Ltastﬁaaﬁmm’w dyslipidemia Wag hyperslycemia nalitiinn1ssnia@uvemasaidon
suviliiAnnme atherosclerosis ﬁaﬁuﬁwgﬂmauauLLﬁaﬁqméﬂmﬁ’um’;z dyslipidemia wagdlosriu
AN hyperglycemia o azvhlvivaenidondenieiforas nsvieuaemasndonldun nsransso
yosvmoniden douiiusenuddy miv‘hmumawaamLﬁamﬁﬁﬂﬁu%Lﬁuﬂaﬁaﬁﬁmﬁﬂhaﬂmﬁu
n1slsA CVDs %a%gaﬁiﬁ%ﬁﬂaﬂ%u‘iumaﬁ’mmwﬁmﬁm%m%mmmsLﬁaﬂmﬁumnﬁﬂiiﬂiuﬂdu
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3.1. M3laSeugniauauwiy

gnlouuuianseulasienduagnindneisssud aontiuideinemans wazivalulad
wisUsgimalng (32.) Tnefidnvaziduniuis avupuamnimlaenisiasisiuSuimens total
anthocyanin, total phenolic #2838 HPLC uazvinsnaaougnidiuoyyadasy 1ngld33 DpPH

assay

3.2 #nINaag
o g v . 1y 19 a o
dninnaoanldfe wy mice anefus C578L/6 o1y 8 duan el annuidnluyse
@ U L7 1 LY A = o/ =Y o
dnivnmansazgnitniluian 7 Tu deuntsvaaes a anudaivaassiion1side uninendousens
=Y oy ¥ al o (3 A as 4 a as =Y L
IngAuANgMll USunauuaalazanududiins suividnudaivaassfieonuids uninendy
ULSAIIATAUR
o (73 o 2] e/ ey = a a LY % [~
ammaawzgnmnuﬂwumw%uﬂuLaaﬂwﬂﬁnmmnmsnummﬂmuqa (M1379 2) BTy
ey a o/ d o L) 2/
nsidsukuungAnsIunsiuveydUagtumilidetgymisuguaiwauun

3.2.1 9MnsamsUdnInnans

awTlidnineaosuUeenidiu 2 Ysviom

1. awwmsgasund (AT 2) (T2918CSD, Teklad Irradiated Global 18% Protein Rodent
Diet; Harlan Teklad Laboratory, Madison, Wisconsin, USA) Tvindeanu 3.1 Kcal/g
Usgnaume iy 6.2% wazmslulense 44.2% wazlusiu 18.6%

2. mmigmﬂmﬁuqa (mW‘f/Jl 3) (TD02028, Teklad Artherogenic Rodent Diet; Harlan
Teklad Laboratory, Madison, Wisconsin, USA) T#wé&g91u 4.5 Keal/g Usenoudiae
oty 21.2% enslulawnsn 46.9% uavTusiu 17.3%



Harlan Laboratories

Teklad Global 18% Protein Rodent Diet

Product Description- 2018 is a fixed formula, non-autaclavable diet
manufactured with high quality ingredients and designed lo support
gastation, lactalion, and growth of rodents, 2018 does nol contain alfaifa,
thus lowering the oceurrence of natural phytoestrogens. Typical isoliavone
conuentrations {daidzein + genisteln aglycone equivalents) range from 160
to 250 mglkg, Exclusion of alfalla reduces chtorophyll, improving optica)

imaging clarity, Absence of animal protein and fish meal minimizes the
. Also avallable certitied (2018C) and

presence of nil

Irradiated (2918), For autoclavable diot, refer to 20188 (Sterllizable) or
20185X (Extruded & Sterilizable),

10

Ingredients (in descending order of inclusion)- Ground.wheat, ground corn,
wheat middlings, dehulled soybean meat, corn gluten meal, soybean oll,
calclum carbonate, dicalclum phosphate, brawars dried yeast, lodized saft, L-
lysine, DL-methionine, choline chioride, kaolin, magnesium oxide, vitamin E
acelate, menadione soditim tisullite complex (source of vitamin K activity),
manganous oxide, ferrous sulfate, zine oxide, nlacin, caldum panothenate,
copper sulfale, pyridoxine hydrochloride, riboflavin, thiamin monenitrate,
vitamin A acelate, calcium Jodate, vitamin 8, supplement, folic ackd, biotin,
vitamin D supplement, coball carbonate,

Standard Product Form: Fellet

Crude Protein % 18.6 Vitamin A @' /g 15.0
Fat{ether extract) ” % 6.2 Vitamin D49 /g 1.5
Carbohydrate (available) " % 44,2 Vitamin E kg 110
Crude Fiber Yo 3.5 Vitamin K, (menadione) mylkg 50
Neulrat Detergent Flber © % 14.7 Vitamin B, (thismin) my/kg 17
Ash Y 5.3 Vilamin B, (riboflavin) mglkg 15
Energy Density N keallg (kJig) 3.1(13.0) Niacin (nlcotinte acid) ma/kg 70
Calories fromy Prolein % 24 Vitamin B, {pyridoxine} mgkg 18
Calories from Fat o 13 Panlothenic Acid makg 33
Calorles from Carbohydrate Yo 58 Vitamin By, (cyanocobatamin) rog/kg 0.08
Biotin m/kg 040
Calcium % 1.0 Folale matkg 4
Phosphorus % 0.7 Choline
Non-Phytate Phosphorus % 04
Sodivm % 0.2 £16:0 Palmitic
Polasslum % 0.8 €18:0 Stearic % 0.2
Chiloride % 0.4 C18:1w9 Olelc Yo 1.2
Magnesium % 0.2 C18:2wb Linoleic % 3.1
Zine mgikg 70 C18:3mw3 Linolenic % 0.3
Manganese makg 100 Total Saturated % 0.9
Copper malkg 15 Total M \urated % 13
foding kg 6 Total Polyunsaturated % 3.4
Iron mygikg 200

Selenium gk

Cholesterol

makg -

*Ether extiact s used o moasure fatin peteted diots, whio an ackt hydrolysis
mathod is tequired 1o ecover falin oxtruded diets. Comparad to ether
extract, he fat valso for acid hydrolysis wil bo approdmately 14 point higher.

¥ Cabohydrate (avai He) ks cakulated by sublracling neulrat detergent fber
“ Newtral detergont fbar Is an ostmate of insolble fivor, inckiding coitlose,
hemicetidose, and ignn, Crude fiber methadology underestimates lotal fbar

! Energy densily s o cokubited vatimate of mofabolizaile energy based on the
Atwalter faclors assigiing 4 kealy to protein, @ keally to fat, and 4 kealg to

*Indleates added amount but doess not account for contrbution from olher

For muldents not listed, insulbeiant data is avaliable to quantify,

Aspartic Acid % 1.4

Glulamic Acid % 3.4

Alanine Yo 1.4

Glycing b 048

Tiveonine % 07

Profino % 1.6

Sering o 11 from total carbohydrates.
Leucine % 18

Isoleucing % 0.8

Vatine % 0.9

Phenylalanine % 1.0 bl ydrate,
Tyrosing % 08

Methionine % 0.4

Cystine % 0.3 ingredients,

Lysine % 0.9 11U vitamin A = 0,3 g telinot
Histiting % 0.4 Y 1 U vdamin D = 25 ng cholscabsiferol
Arginine % 1.0

Tryplophan % 0.2

h@grlan“‘

“@ Helping you do tesearch bettem

Teklad Diets, Madison WI | vy harlan.com | tekladinfo@harlan.com | (800) 483-5623

<s
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Nutrlent data reprosent the best Information avallable, calculated from
published values and direct analylical festing of raw materials and finished
producl, Nutrdent values may vary due lo the natural varlations in lhe
ingredients, analysis, and effects of processing.

Teklad Diets are designed and manufactured for research
purposes only.

RI4S-0809-US-EN-02-DS-2018

= .
NN 2 9WN5gRIEIIUAY (Normal diet)
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Teklad Cusiom Hesearch Dol Dada Bheot

TD.02028

Atherogenic Rodent Diet

.Formula 9/Kg
Casein 195.0
DL-Methionine 3.0
‘Sucrose 325.46
.Corn Starch 150.0
‘Anhydrous Milkfat 210.0
‘Cholesterol 12,5
Cholic Acid 5.0
Celiulose 50.0
Mineral Mix, AIN-76 (170915) 35.0
-Calcium Carbonate 4.0
-Vitamin Mix, Teklad (40060) 10.0
_Ethoxyquin, antioxidant 0.04
Footnote

This is a modification of diet TD.88137 to increase added cholesterol lo
1.26% (total in the diet is 1.3%) and add 0.5% cholic acid. TD.96121 is a
version without cholic acid. For questions about this diet or madifications
askanulritionist@harlan.com

‘Selected Nutrient Information’

% by welght % kcal from °
‘Protein 17.3 154
/Carbohydrate 46.9 | 41.9
Fat 21.2 42.6

Kcal/g 4.5

' Values are calculaled from ingredient analysis or manufaclurer data

Teldad Diets are designed & manufaciured for msearch puiposes only,

-Speak With A Nutritionist
- e (800) 483-5523 option 4

® askanutritionist@harlan.com

Harlan Laboratories, g,
PO Box 44220
Madison, W1 §3744-4220

E

harlan-

www harlan.com

Hasan, Hatkn Labatatonias, Helping yau da research batter,
und the Hedanoga e tadensarhs pod Wrade namns of Hadan Labuatodss, fre,
© 208 Harlan Labratonien, e,
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& Purified Diet
o Modification of TD.88137
® Cholesterol
@ Cholic Acid

Key Planning Information

® Products are made Iresh to order

¢ Store product at 4“C or lower

® Use within 6 months (applicable 1o most diets)

¢ Box fabeled with product name,
manufacluring date, and lot number

- ® Replace diel at minimum once per week

More frequent replacement may be advised
e lead lime:
* 2 weeks non-irradiated
- 4 weeks Iradiated

Product Specific Information

_» 1/2 Pellel or Powder (crumbly)

e Minimum order 3 Kg
* Irradialion available upon request

Options (Fees Will Apply)
® Rush order (pending availabilily)
o Irradiation (see Product Spechic Information)

_® Vacuum packaging (1 and 2 Kg)

‘Contact Us

- Oblain Prlcing + Check Order Status
® tekladinfo@harlan.com
® (800) 483-5523 option 1

International Inquiry (Gitside UsA'cr Canada)
- ® askanutritionist@harlan.com

Place Your Order (usa & canada

- Please Choose One -

® hitps://webapps.harian.com/teklad-orders/
® tekladinfo@harlan.com

® (800) 483-5523 option 1

L4 (608) 277:20686 racsimite

Helping you do research betier

el
res 3

AW 3 mmigm‘lmﬁugﬂ (High fat diet)
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A1519 1 ayUeaduseneuvesmsiililunsnaaes

Ingredients (% by weight) Normal diet High fat diet
Protein 18.6 17.3
Carbohydrate 44.2 48.5
Fat 6.2 21.2
Cholesterol - 0.2
kcal/g 3.1 4.5

3.3 mitnilivyiRanazvasadoauds
wedninaaeniu 6 nau 9 oy 8 (S 48 §a) Kail
ﬂa':uﬁ 1 Control (C) group: ngumaunx sifuomsgrsunduaslasunmstewingu
neuil 2 Atherosclerosis (HF) group: nduilgninilsiAnnzviasn donudilngldsuemsii
lashugauazldzunstiouthngu
nguAl 3 HF+MUL1O ﬂ&juﬁgﬂ%’ﬂﬁﬁlﬁlﬂmmawamLﬁamwﬁﬂma‘lﬁ%ummﬁﬁﬁlwﬁugaLLag‘Lﬁ%’umi
Ueugnuilousuwisuun 10 mg/ke BW
ngudl 4 HF+MULL00 mﬁuﬁgﬂ%’ﬂﬁﬂﬁlﬁmm'swaaﬁLﬁamLﬁﬂﬂa‘Lﬁ%’U@mwsﬁﬁimﬂugnLLaz“l,é]"%’U
myteugnudeusuuiening 100 mg/kg BW
ngudl 5 HF+Mul300 - na;uﬁgﬂﬁi’fﬂﬁﬂﬁlﬁﬂmfawaamLﬁamw‘?mimalé’ﬁummaﬁﬁlmﬁugmaﬂéﬁu
msUeugnmiousuuiswunn 300 mg/kg BW
Nguil 6 HF+AVTS - nzﬁuﬁgn%ﬂﬁﬂﬁlﬁﬂmawaamﬁaﬂLL%quﬂﬁ%“uawmaﬁﬁlmﬁuqqu,as:lﬁ%’u Ik
atorvastatin U@ 5 me/kg BW

dewndninmaositldSunniunan 7 uud dndveassdeldsuemsuazasnadeun
swazdeatarudusyeziian 3 weu Iﬂwuna'uﬁ 1 losuemsgnsuni a’awuna’uﬁ 2-5 gndnil
IwmmmamaamLaamwzmmamﬂmummﬂwum (mm‘sawaamwmwmmsw 1) waglvinu
ansuaztet i (ad Ubitum) fmLUumaLaauuwwqmﬂss:umsﬂummmwa{muuwﬂwLﬂﬂ
ﬂmmmummwmum Imﬂamwumw 3-5 lsunistlougnuleueuueanududusing q uas
nal 6 1mi‘um atorvastatin 537

maammanmms%maaﬂmmuwﬂﬂw u,axmmiﬁwﬁunni’mﬁaammumsﬁummwm
WY AABAANAUNADINISAAUNAANY 9 ﬁLi‘Jumm%éfaﬂﬁqﬁmwmam dloasuhuuaan Savihns
ngaeenamyudiuiegdenfietaserulatiluden léun cholesterol, triglyceride, LDL, HDL
WarFUInl atherogenic index (Al) uagifiuvaeniden aorta WioAnwINIAMERIVEMaEAEeR Wiy
lusfhilugostos du wasilaiflefnudnunmegameiniamans (ulnssmsgosdus) seold

3.4 Wnsinszaulviiuluden
o [ o L7 A o & 2
mn'ﬁmfm’mszml‘uuumﬁaﬂLmamwmamlmumsmaaumu 3 1hou lnun150n9mIS
dninaasaiiungn 12 §2lus douaavdng sndufuidenanilaldluasanaaedii heparin

N



13

oy udriunrivainnuia 3000 seudoundt igamafl 4 eswadea e 10 Wit vt
wanan (plasma) ﬁwuuuﬁﬁé’ﬂwmﬂﬂélwaawmamlmju,asLﬁuﬁqmmﬁ -80 DeA LA
uniazyinsnealesithudendng o dil

1) Cholesterol, triglyceride wag HDL dnlaely Commercial kits, (HUMAN Gesellschaft
fir Biochemica und Diagnostica) mbH, Wiesbaden, Germany

2) LDL ﬁ’lmmiﬂawzjjm LDL = total cholesterol -~ HDL — (triglyceride/5)

3) Atherogenic index Aunilaeligns Atherogenic index (Al) = Log (TG/HDL)

3.5 MSATIVTIANITARYAIVDIVIADALADALALDDDIAN
o | o ey

wapAden aorta NgnueneenunIgnuviuiiluansazas KREBS uiilidwuseneu Ae
NaCl 122 mM; KCL 5 mM; N-{2- Hydroxyethyllpiperazine-N-[2- ethane-sulfonic acid] (HEPES) 10
mM; KHzPOq 0.5 mM; NaH2POq 0.5 mM; MgCl, 1 mM; glucose 11 mM and CaCly 1.8 mM way

a } 2 12 o o éj = E=Y Q) ] 153 )
U3V pH = 7.4 ¢y NaOH uivhnisionludulazifloloseu o vaeadonoen wavdauvaiuiey
) % ] 4 o/ m‘
877 3 mm wanwiaentionluuiuly organ bath Nila15azaty KREBS fennil 4 wasanisvaass
ag v a4 o - 9 g o 1Y) . . &
wnunugumillViodhn 37 °C vaondenvzgnuuausisnsisfiseiu optimal tension (1 ¢) uay 9
v v | 3 ) ' ° o o
HWhidhdaunasdalesniesialusneuinisvaaes vhniswaguansazans KREBS NN 10-15 undl
@ @ o o A a X A
T,mamiﬂmammawaaﬂLﬁaﬂ%gmm’tugﬂmsLUaauLLanmLLiaﬁammawaamLﬁ@ﬂmnm%umaﬁ
! 7R 1 @ X - \ - -

NSUEANT acetylcholine AMALTNTUAIN 9 fu (107-10% M) asluly orean bath fiflvasmdanuns
§ R o o v = ) < o
Fagninenihlvinasanoudaeans phenylephrine (PE) VINUUALRN YD IR EERITQNUUAS
dyayraulaefuyasdygrnnnunss (Force transducer) waztuiinidunsam lneyagunsalluniay
ADNTIADS (MacLab, ADInstrument, Sydney, Australia)

Ny
7
L _Contraction
7 D o5mm infength ‘:
a TN :
Aorta l Power lab
SN R
Force transducer ..
Pipette
Ach & SNP . § Computer & software

Physlological solution -

< 90w
a4 gunsal organ bath dwiuuviuvasaiden
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vaenidenfilflunmsnedeuiisteuiiafiil endothelium (endothelium intact) wazeilndilais
endothelium (endothelium denuded) Tnevaonmisniia endothelium agiinsaanesaunnnia
70% sie Ach unaemdendilaill endothelium auiimsransntionnin 70% sio Ach andissdin
aBmseanefvesasatafieududy 1-1,000 pe/ml fauandlunwi 5

T Drug/ Compounds

0.5¢ 50% Relaxation =mmm=
L 100% Relaxation =mm = mw m oo o o o o e o e
T 5 min

10°¢ M Phenylephrine

= Y A
AN 5 E‘ULL‘U‘U nsAnEI NIAATUAIVINRADALADA
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UNN 4 HaNITNAEDY

'3
4.1 Y3unas anthocyanin gnuisiouduuie Lasgvisiueyyadsss

Usinauenséfigyngu anthocyanin wazng phenolic aaenauuszdviawlunsiueyya
a 1 1% e
dasy DPPH vesgnvidlowsuui uandlumsnei 2

2] a ., . ' % Y a
199 2 UYuneans anthocyamn 183} phenollc 1ugﬂv1‘u’em’e)ULLW1 LLﬁ%ﬁE]V\ﬁC‘]’]UE)H;J@E)ﬁ%‘U@QQﬂ

NOUB UL
F089 Anthocyanin Phenolic DPPH (ICs0)
(mg/100 g) (mg/100 g) (mg/ml)
anmlauauuis 1458.58 2078.59 0.25

4.2 navesgnuslouauwvisian1sANeIM1s (food intake)

nsAnINasanIsiue M sueInyudazngu Tuudazifounudn vyngu Control innsiu
< A - 5 ) - ' =t L4 e = @ <
pImstuseRuAinafinaenisaiiou Tuvuesvungu HF d9lasvemisiudugs nsivemsi
IQI ¥ 1 o/ o - IJ @/ ! o o/ 1 Y 1 4.7 o/
WinTuegnitedrdnglunn  Weu Weiflsuiungu Control dmsunynaguitlasuemsluiugauay
L 22 3 24 o A ! QS Qo A
@sugnudewsuwiavung 10, 100 waz 300 mg/ kg BW dnsiuevnsiianased sifeddlunn 9
- 4 9 ] = o o o ioal v o v o
Wou Weflsundundgu HE Tumiaideafudmsunylunguildsveansloduganaslasuen
. = ES o P e v 4 o ) 1 '
atorvastatin ¥u1n 5 me/kg BW fin1siuemmsianasegrediduddaleiiieuiungu HF ognalsh
1 oa ves 1 &/ o =i ¥ e o
munguiildsugnudeueuwsiauuin 100 me/ kg BW dn1siuemisnanaslnaifesiu Control 11n
< <
Mo Tunneeu (0 6)



16

T Control

B3 HF+Mullo
&S HF+\Mullon
HF+Mul300
B HF+ATVS

Food intake (g/day)

Y TLTZ77 7
wAFTIP7 P77 A
L

L= B O IGa33333933337 o

A 6 N5AU91Y3 (Food intake) mmﬁmimmaamcﬁaéﬂdw (n=6) \Juszuziian 3 WWeou (mean +
SEM.) Control Aonduil@suermisund HF Aenduilld$uermsiiiiludiugaivaetaiiv
HF+Mul100 ﬁamjuﬁlﬁ%’ummaﬁﬁlmﬁu@qLLazgnmauawﬁwmm 10 me/kg BW, HF+Mul100 @
nquitldsuewnsfifilutuganar gnsiousutsisuuin 100 me/ke BW, HF-+Mul300 Fonduldsu
owsiilluthugauazgniiousuuieuun 300 me/ke BW, HF+ATVS Ronduilldsuemnsiilutiuge
WALy atorvastatin 5 me/kg BW. *P<0.05, **P<0.01, ***P<0.001 tAgUNU control. *#P<0.001
Wiguriu HF

%
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, T N , _
4.3 wavasgniauBULsABsBUmMUnAINNLYY (Weight gain)

(=

nnasAnemimtnda iRy (weight gain) (Mwdl 7) nudmyynnguiiuualiuvese
weight gain ARuTunaeaieauion gL Iungy HF uwag HF+ATVS Atuualdfusn weight gain anaq
Tuidoudl 3 Tnoiieudl 1 A1 weight gain vosngu HF fan rrgedign (3.19 = 0.30 ¢) Fagendn
Control (1.52 + 0.26 g) ageflfod1Aey drungu HF+Mull0, HF+Mul100, HF+Mul300 kae
HF+ATV5 fiAn weight gain fifuwaluanasni HF dwsulufoud 2 a1 weight gain veengu HF
(4.22 + 0.57g) TAmINIINgu Control (2.18 + 0.41g) eenaiifudhdty dmiuen weight gain vy
ngu HE+Mul10, HF+Mul100 Wag HF+Mul300 duwdlduanasain HF Tuvnigfings HF+ATVS flein
weight gain fe 2.64 = 0.38 ¢ Tatfesnin HF agraildediy dmsuifteud 3 weight gain Yoy
naudanliuwansineiu wingu HF Hamadla weight gain gofign Tuvaizfingu HF+ATVS e weight
cain Youfian uaviuwiliuanasmnifioudt 2

6 —a Conirol
-~ HF

Chl 4 HF-Mull0
= HF-Mull 00
& 4 HF-Mul0D
:%'J 5 - HF-ATVS
=

0 . ; ;

1 2 3
Month

A# 7 sty (Weight gain) vesdminaassusazngy (n=6) {usveziian 3 ey
(mean £ S.EM.) Control Aenguilléfuawinsuni HF Aenguillusiugaiiivsedinfios HF+MulL00
Aonduilldsuemsidlusiugenargnusioueuuievuin 10 me/kg BW, HF+Mul100 Aonguiilady
pwnsTdluiugauazgnmieusuueuinm 100 me/kg BW, HF+Mul300 Aonguitlatuemnsniiluiy
ganasgnuiououLieITuIn 300 me/ke BW, HF+ATVS Aenquitldsuemsidlosugeuazen
atorvastatin 5 me/kg BW. *P<0.05 \fisuiiu Control. #P<0.05 \euriu HF.
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4.4 wavasgnuisusuisaszauluiulubon

nmsinwseauleiuluden Fausznovulusay cholesterol, triglyceride, low density
lipoprotein (LDL) ua¥ high density lipoprotein (HDL) ndsarnuylasuansvagouilunan 3 iieu
wutmynnnguiignimiliiiannevaenidenuddagldsuemsluiugedisziures cholesterol GN
n31ngu Control (63.83 + 1.22 me/dL) egheilidnty Tnongu HF Ssuiu cholesterol luidonds
151,69 + 10.17 mg/dL luvasivynduitldfugnusieueuuhendonn fle HF-Mul10, HF-+Mul100,
HF+MUl300 uag HF+ATVS fluualifufianasuesssiu cholesterol luiden Ao 141.06 + 4.67,
118.48 + 3.96, 126,37 + 7.41 Uar 133.67 + 7.83 mg/dL mua1dy laungu HF+Mul100 Hsyeu
cholesterol ludion fifosndingy HE aghsfidudnday (nmil 8)

200-
*

T 150- %, g

ke E

- oo T
s = <
& o 100+ \
v = o \

& -

E . i \
@ 50- e §
\ == &

1 1 !

3 = B

= = =i

= E

T H

AWl 8 58 cholesterol Tuidenvesdninaaes luieudl 3 (n=6) (mean & S.EM) Control Ao
nguilsisuomsund HF Aonduillushugafivsethaien HFE+Mul100 fonguitlézuemnsilillusugs
uazgnuieue UL TUIN 10 me/kg BW, HF+Mul100 Fonguiilsisuanmsiliflutugauazgnulon
QUMW 100 me/kg BW, HF-+Mul300 ﬁanzjuﬁléﬁ’%’ummsﬁﬁhﬁu@aLLazgnwﬁauamLﬁwmm
300 mg/kg BW, HF+ATV5 Aenguitls¥uemsiliflasiugauasen atorvastatin 5 me/kg BW. *P<0.001
Weuriu Control. *P<0.05 Wigufiu HF
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sudv triglyceride Tuideauanslunmi 9 Inswuitwymnngu fie Control uag HF e
triglyceride Aildumnsnafu Ae 70.54 + 4.07 uag 70.20 + 2.71 mg/dL AN Iummsﬁnq‘u
HEMUl10 Suurltufiasasvesdn triglyceride luidon (55.07 + 1.35 mg/dL) Gloweufu HF
pthalsfimungs HF+MUL100, HF-+Mul300 wag HF+ATVS die triglyceride luiion fio 48.18+ 3.32,

47.76 + 2.30 waw 50.25 + 7.52 mg/dL amdy Feanasedreiiffodrdadeifivuiungu Control

wew HF
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Al 9 SueU triglyceride Tuidonvesdninaans Tudonvasdninaae Tufeudl 3 (n=6) (mean &
SEM) Control fionguilldsuemisund HF AenduitlulugufleseafivaHF+Mul100 Aongud
suemsiilusuganasgnileuouuieunn 10 me/kg BW, HF+Mul100 Aonduitlduormsiid
Tudugeuaegnuiiououusieruin 100 me/kg BW, HF+Mul300 Fonguilldsuommnsniiladiugauagn

yaleusULHITUIN 300 me/kg BW, HF+ATVS Aonduillduormsiiiilutuguuazen atorvastatin 5
me/ke BW *P<0.01 fiwurfu Control. #P<0.05, #P<0.01 iguriu HF
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uansfinyseu HOL Tuidenvesyildduasmaaeuluiie 3 Wou ((wdl 10) WUy
nga Control, HF waz HF+Mul10 dia HOL Tuidendiluiunndneiu fie 37.25 + 2.06, 30.86 + 1.76
uag 39.87 = 1.11 me/dL mudnsiu Tuwaigiingy HF+MULL0O, HF+MUL300 e HF+ATVS e HDL
luidlonhie 45.51 + 1.13, 46.45 + 0.60 uaw 45.82 + 0.96 me/dL muddu Fannndingu Control
udy HF agaiidudfty
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AMWA 10 58U high density lipoprotein (HDL) Tutdonuosdninnass luiieyi 3 (n= 6)0nean'F
SEM.) Control Aenguillésuemisuni HF ﬂanawlmmuml,wmamamm HF-+Mul100 Aonguil
191'5U§)']‘14’]'§V|3J1%2Juﬂ\1LLauaﬂ‘VIQJBUE)ULLWWU’]G] 10 me/kg BW, HF+Mul100 ﬂanamwlmsuamwswu
lmuuaquawaﬂwmauauuwmmuWﬂ 100 me/kg BW, HF+Mul300 ﬂanauvﬂﬂsvawwwimiﬂmuuaauasaﬂ
VUBUDULMIVUIN 300 me/kg BW, HF+ATVS ﬂaﬂamﬂm‘ummsmlwumLLauen atorvastatin 5
me/kg BW. *P<0.01 tiwuiiu Control. #P<0.001#euiiu HF.
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wansAnuszay LoL Tuideaveamyfildsumsmnaeuidunan 3 iou (rmdl 11) wudngu
Control fin LDL luideniiiu 19.44 + 2.8¢ me/dL Tuvaizimyngy HF, HF+Mul10, HF+Mul300
way HF+ATVS dlen LDL Tuidengefie 80.25 + 6.97, 87.76 + 6,78, 64.54 £8.10, 64.55 + 12.03 uay
73.90 + 9.16 mg/dL ANaFU %nmnnd’m&ju Control eghailtfuddey eenalshinnu A1 LDL Qaﬁqm
A HE+MULLOO, HF+Mul300 uaiw HF+ATVS Sluunlifufianasiledieuiungy HF
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AMF 11 528U low density lipoprotein (LoL) Tudonvosdninaaes ludiewd 3 (n=5) (mean *
SEM.) Control Aenduitlazuanmauni HF Aenduilusiugaivsethaiies HF+Mul100 Aengui
Wsuommsfidlutugenargnvslousuuisuuna 10 me/ke BW, HF+Mul100 Aonduiiléiusimsiiil
ludhugauazgnusououiiannn 100 me/kg BW, HF+Mul300 Aenduiilssuannsiisilushugeuasgn
NdUDULAITUIN 300 me/kg BW, HF+ATVS ﬁamﬁuﬁié’%’ummsﬁﬁhﬁuqau,azm atorvastatin 5
me/kg BW. *P<0.01, **P<0.001 Wiguriu Control.
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NNITAMIUAT atherogenic index (1wdl 12) FaduAduidnsnsidesmenisiianng
vaemaanudsin Tngldgnsiail Atherogenic index (Al) = LDL/HDL wuinn Al voanyynngulid
ANUUANAeAUlunNElA e Al seanyndu HF (031 + 0.04 me/dL) firngsilan Tuwnzfingu
HF+Mul10, HF+Mul100, HF+Mul300 wae HF+ATV5 e 0.23+0.02, 0.20+£0.04, 0.16+0.04 way

o o 4 o < =i o
0.23+0.08 muewiu Fsiluwiltiuanasfiofieuiu HF
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AT 12 A atherogenic index vo3dninaaas lutioudl 3 (n=6) (mean & S.E.M.) Control ﬂ@ﬂau
AldFuonnsuni HF ﬂaﬂawlwummmamamm HF+Mul100 ﬂ@ﬂﬂ&JVﬂﬂ’iUmMﬁVl&ﬂ‘UﬂJumLL’ﬁu
gnuslousuwiarue 10 me/kg BW, HF+Mul100 ﬂaﬂquﬁlmummsmlwu@aLLawgnwuauamma
UM 100 me/kg BW, HF+Mul300 ﬁandmﬁlﬁ’f%mmiﬁﬁlmﬁuqqLLasanﬁau@mLﬁwmm 300
me/kg BW, HF+ATV5 fenguitleiSuowsiiiilusiugeuaren atorvastatin 5 me/ke BW
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4.5 navesgnuiausuwisianIsAateRIvamaanLion

IINHANINARDINUIMYNEN HF+Mul100 Slwwaliinlunisaanedivesvasndeniinimy
ngu Control uagnguignimirliiinnizvasmidenudangusu  fuanslunind 13 mnnsmes
windmaenidien aorta veenylungy HF+Mul100 Huwilidunseansivemasnidonlnenouaies
#e acetylcholine (Ach) fiasidiutiusiagg (0.0001, 0.001, 0.003, 0.01, 0.03, 0.1, 0.3, 1, 3, 10, 30
uay 100 M mudd) Andmyngudug (GUAl 11A) daunnsamefveanaeniden aorta Hunaln
voanduiloi3vuiauandluguil 118 wuindwaeaiden aorta Yoavylungy HF+Mul100 Tuualdy
N15AAMEFILAYRDUAUBIAD sodium nitropusside (SNP) ﬁmwmﬁwﬁwﬁm (0.0001, 0.001, 0.003,
0.01, 0.03, 0.1, 0.3, 1, 3, 10, 30 uaz 100 M mwrdunudwy) Andimynguiigniminl¥iinnme
vaendonudegnsihisddiylnsianziienududuves SNP whifu 0.01 waz 0.03 UM
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Vasodilation: endothelium activity
100- -~ Control
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3 751 | =~ HF+Mul 100
< T -6~ HF+Mul 300
€ -+ HF+AVT 5
=
]
bt
o
(5}
(14
(A)
log [ACh], M
Vasodilation: smooth muscle activity
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5 75-
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© 504
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Anil 13 n1sra1efITeviaenidenvedninaans (n=6) (mean + SEM) (A) viaemdeniil
endothelial cell (intact ring), (B) vasnldendliil endothelial cell (denuded ring). Control A®
nguitlésuenmsund HF Aonduitlusiugailssedraiien HE+Mul100 Fenguiilésuenmnsiliflusiugs
uavgnumieusuuesTUIn 10 me/kg BW, HF+MulL00 Fonguiilsfusimsiisflutugauargnulon
DUBAIUUIR 100 me/ke BW, HF-+Mul300 ﬁanduﬁlﬁ%’ummsﬁﬁlﬁuﬁuq@LLasgﬂwﬁ@uamLﬁwum

300 mg/kg BW, HF+ATV5 ﬁanzjuﬁlﬁ%ummiﬁﬁlmﬁuqqu,azm atorvastatin 5 mg/kg BW. #P<0.05
Wiguiu HF
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msﬁnmuu,am'l‘mmuwa@amn‘manvmauauLmommsmammmummé {food mtake) W

¥ ke

uwuﬂmmwu‘uu (weight gain) lusiuluden cholesterol, triglyceride way LDL uaziiy HDLJL
1don ‘luwuﬁlmummﬂwumlm (HF) @nmaﬂmauammamuwa‘lumwmwaamLaamaﬂm&} A D
yINMIeaeyngy HF dn1sivens eindaiidisdy wagluhiluden Fwseneuie
cholesterol way LDL mwmuammuumﬂmLuamwmwummummsﬂﬂm (Control) #9013
Anunfmandiiauaenndestunisdnuiludninaassfidiuunneuniin (Lim et al, 2013;
Mahmoud, 2013; Ann, Eo, & Lim, 2015; Lee et al., 2019). mﬂwaﬂmauammwmm 10, 100
ua 300 mg/kg Fuwldulunisan weight gain 6uawumlmwmmﬂwuaﬂmumaﬁvmwﬂm BIWa
mﬁﬂmummmaaﬂﬂamnquﬁmummmu (anti-obesity) %aqan%mauﬁlmumiswwmnawmu
(Lim et al,, 2013 He et al,, 2018; Li et al,, 2019; Leyva-Jiménez et al., 2020). ). pghalshinunaTes
anmuaumaumunmmummLmﬂmqnu Fhodhaty vensfinysenuitansataaniundeulud
wasrmin udansnannelilaonisannsayauveslusiy annisadsluiuiiéu an fibrosis
warannIsinm oxidative stress Iuwummumm'ﬁ‘vuum (Ann, Eo, & Lim, 2015; Lee et al,, 2019)
Tuvasfiinsinuidun 'swmuwamsﬁﬂmuﬂwmwmmnuﬂumiﬁnmu Ao wuETAfANagnNVNeu
ansafaluvien 210 M alba vrawile vieansananay wierIvenagnieunaslunley i
Uszansamlunisandiminuasdainaidu 9 dequaimdnday (Lim et al, 2013; Metwally, &
Rashad, Mahmoud, 2019; Li et al., 2019; Leyva-Jiménez et al., 2020). mﬂmmﬂc&hwmqwéma
Famwvanilonayilnasnanuiln (cenotype) ﬁtmmfmﬁ'waaqnmj@u papnILISNNsAnALaYEIY
mmanwuauwmuﬂd’ﬂumiﬁﬂmma
na”l,nmsaaﬂqvmmanmauauLmﬂumaamumunmmmummmﬂNammmﬂﬂivﬂauma
wndling 9 Anulugnmsiou 1wy anthocyanins uay polysaccharides (Azzini, Giacometti, & Russo,
2017; Lee et al., 2017; He et al., 2018). Anthocyanin a@ﬂqwﬁﬁw%’mﬂﬁau slucose, lipid and
amino acid metabolic pathways Tunainvangedeiz 1w fi nannile wayiiodelutu lkdy
NS%UIUNIY fatty acid oxidation WY insulin sensitivity Wae glucose uptake Snvadaannisiin
oxidative stress ann15onLay an fatty acids maamuwmns UIUN158519 cholesterol
biosynthesis mawa‘lmmuﬂamaa wazann savauvesiuiuluvnefian (Azzini, Giacomett, &
Russo, 2017). uaﬂmnu phenollc ag polysaccharides ‘V]u,anlﬂmﬂaﬂvmummmmﬂiumumi
aanevaslafiu wardudinisifinduauvesiead pre-adipocyte proliferation Feflnaansiuruead
Toffunazuialetiu (Chen et al, 2017).  Phenolic way polysaccharldes mmmauumﬂmnu
L'UwnmLLavﬂaaﬂul"uuulmaaﬂaﬂman 3 38uanmﬂumsamawmmwnm'ﬂwunamwlmuanmau
QUL IeENL YA mummauwué‘lmamanUmanummiwam%wawunammﬂan Nan AN
LLam’meu'ﬂmﬂ,umimumaumumaaqnwauavLmammm%mnumaammmamnmmiaﬂma
FagonndesiunsAnuiifisieadlineunti (Yimam et al, 2016; 2019).
1umﬁﬁnmﬁé’qwuﬂmﬁléf%’ummﬂmﬂu@qLﬁmaaiwﬁm fseeuluifuludond Anund
(dyslipidemia) Tnediszsu cholesterol uag LDL figetiu dauansliifiuindninnasefinnozludfily
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\Honga (hyperlipidemia) FanansinunildenadosiunsAnuiumniianui hyperlipidemia tJu
aﬂwmvmuwaamimwaamLaamma %30 atherosclerosis (Libby et al, 2019; Nguyen et al, 2019).

SpuTSURUTEINILIN atherosclerosis ABN151in LDL oxidation atherosclerosis (Libby et
al, 2019; Nguyen et al, 2019). faumsiudanisifn LOL oxidation Sadudeiiunaulalunstesty
N15LAR atherosclerosis Imwami?{nmuwmﬂaﬂwauaumeqmsmuaumaasu (anti-oxidation)
muuanmauauLmaawmmﬂuum“wmmimﬂ LDL oxidation I #esndiudesiinmsnudiaiiu
Aoly ag19lsAny §n15918971U71 anthocyanin szmLﬂumﬂﬂiuﬂaumaLﬂwuwaagnmaumqm
anti-atherosclerosis Ilesnaniinnuautifsusendinduuaranlusiu (hypolipidemia) (Chen et al,
2005, Jiang et al, 2017 Liu et al, 2008). mﬂmauummi{]mnumimm atherosclerotic ¥89gn
vilowouwie drunilanmanan anthocyanin wuaa”lumaﬂwmuamma

wnlundniuldilesus LOL winduiiutladelunisiin atherosclerosis 42 figgoeaiiien
triglyceride Avuludfurlandanfiarnanfsatestunssuiunissnay fawisaduaduliiin
atherosclerosis (Talavero and Sccks, 2011; Peng et al, 2017). Tunieaseiudy lvshmviia HOL 3
AuanURlun5eY atherosclerosis wazundosiiala siunisi cholesterol pananiwad Yoau
MsRABENBWTY uavannssniauvosaenlden (Haflane and Genest, 2013). @euansAn¥INUI

gnulauBULIaINIsaan cholesterol tay triglyceride wagdailuualifuan LDL Tudon wonand

Saflwaufis HOL Tuidendnde Samuaudfmariiansadosiunisifia atherosclerosis 1§ wnly
ndunan1se AN atherogenic index anudignuleusuusiavirlfen atherogenic index 184
myAldsvemslusiugeanas Jadunisuandiiiudaingnmlousuudsannsatiosiunisidn
atherosclerosis 1§

Tumsveaeunisaaesavaaenidon wuimyynnguiinmsaaemvemaonidendiliuandig
fu Yanaemiiioniisl endothelial cel uaznaomdentilifl endothelial cell Feoypulduiimas
Qﬂﬂsvmﬂml‘nuumummeﬁwmmmawaﬂl,aaﬂm”lmﬁama am\ﬂiﬂmmmﬂl‘maﬂuminsumﬂ‘vx
uni@uenailrinmsvhauvemasndenideneld usinsyiugnmisueuLsTivuIA 100 mg/kg iy
WhnhWivaemidennaneild deanauditor Sunaifiasdadldnisiauvemaondenstuls

nsAnuiflden atorvastatin 19y positive control Tag atorvastatin 1ugnanlusiu fiesn
qw’éé‘u%mul%ﬁ 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase Fadu rate-
limiting enzyme Tunsguaun158519 cholesterol Lﬁ'aL@ulséﬁgﬂgugﬂﬁﬂﬁﬂﬁmsa%ﬁﬂchotesterol
anag (Istvan, 2002; Ward, Watts, & Eckel, 2019). %nwamﬁnwwudwm atorvastatin dnaanseay
cholesterol, triglyceride uag LDL uazilnawiin HOL luiden nasnauiivaanainuesnemisuas
dmiindlfiuisiugnmieusuuis urgnmisusuukeunliufiersiussansamilaninen
atorvastatin wavenaflaanuvaeafouinndt ilesanengu statin fsesuindeliiisfivsesuls
(Ward, Watts, & Eckel, 2019).

faifaagulsingnuousuwhiiuszavsnmlunstesiunmsiin atherosclerosis Afiaan
mslisuomnsludugsld Inenisansysiu cholesterol, triglyceride, LDL wagifinszsiu HDOL Tuiden

b2
s

nsdalinamunzoulnenIsanAILesINeIMs Feviliininglanadla
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“Lmuulul,aaﬂ atorvastatin §in13ane FedesUsurnelimneay faiudefesdimymaasaiia
Lwa‘lmmmwwmaaﬂuﬂquummwwﬂamnquau 7 ilelilddeyansuiuuaraunsafuImg
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Abstract

This research aims to investigate the effect of dry mulberry solution in arthrosclerosis
mice model induced with high fat diet for 3 months. The study focused on changes in body
weight, abdominal fat, fasting blood glucose and the absorption through the intestinal
epithelial cells of important substance in dry mulberry solution. Mice were divided into 2
groups; one was control group which consumed normal diet that give total energy of 3.11
kcal/g and another group was consumed high fat (HF) diet that rich in cholesterol and give
total energy of 4.5 kcal/g. HF group was further divided into 5 subgroups; received HF only,
received HF with 10, 100 and 300 mg/kg BW of dry mulberry solution, and HF with 5 mg/kg
BW of atorvastatin. During induced period, mice were weighed and measured fasting blood
glucose. At the end of 3 months, mice were euthanasia and then collected the abdominal
fat, liver and intestine. All parts of the intestine were prepared to study the absorption of
Cyaniding-3-glucoside (C3G) that found in dry mulberry solution by using the continuously
perfused micro-Ussing chamber. The mucosal and serosal solution were collected to
measured C3G by HPLC. The results showed that blood glucose level in all groups did not
differ significantly. The body weight of all HF groups was higher than control group, however,
that of HF only and HF and atorvastatin groups were tend to plateau at the end of experiment.
The visceral fat and liver weight of all HF groups were higher than control groups. The visceral
fat of HF and dry mulberry received groups were lower than that of HF group, suggesting that
the dry mulberry solution could help to reduce the accumulation of visceral fat in mice that
consumed high fat diet. Unfortunately, the analysis of C3G from the mucosal and serosal
solutions did not find any substance, possibly due to the samples were kept too long period
before measuring by HPLC which resulting in the decay of substance.

Keyword: dry mulberry, high fat diet, arthrosclerosis mice model, fasting blood glucose,
body weight, intestinal epithelial absorption,
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o ¥ 1 e v = = a ) = w o vy v
Femnsvudlwirdiduaildununisiafeunvesdesuduwadiioywiadild viearursald
. | W o 17 . ) [ o
electrical electrodes siaffuinTasastanszualuiln (current generator) dmiurtunszualuian
° = v 4 o i % = o o v o
fmuavinandrluluszuy iefnamatauduniurendeynlidldlanundinnisves
Ohm’s law Amnsluiieneg anidazuantnmaniivendoyndadildluruiunisvudsans uazd
! J N LY Q.'l . o ¢
pOUANNY Feausauwlanaiieniigady (absorption) Wagn1IARKAY (secretion) @15 WALDDBUNN

2
=

1 o v o [ 7 ] W v av P Y a v & =
Mudeyriedldls deyasinen Aldanlasinisideilasiivsglonilunsimuindadosiaiuems
A L o 1 1

wotasiunsifalsalungy CvDs sely
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=y ]
UNY 3 IBNITNAADY

3.1 NSWIPNENTAYANLGNVNBUD UL

&’ v = e/ 2 d 274 o ] :J LY U at
IumamuimqmiwsﬂmwLmumﬂmmsanmgnmawgﬂLm%fauiﬂaun'awmmﬂamaz
=y Q7 =) W AW ] [ 2 A
NARAUINSITUYIR veedaTuIdeInemansuazmalulatuisUszswmelne (12.) Tudnvauziiduans
Y] Y . . ] )
anmvenutunilen (semi-solid) Ailmswseuasadalagldansavaisioniuea wazniupuauamlag
& L= N 1 Yy s i 14 |
Tns1eiUSinn anthocyanin Tae HPLC udidielsfinsizviesdusznauvasansafingnimiouiild wud
oA 4 a = A YR ' Y ey A v o |
fUinanhmaludinnuigeann Wesuduinulugnuleuuaui FeleiAsuanldilug nualou
v o
AURINURAZLD ALY

3.2 dnneans

dnineaeaiiléfie vy mouse aneug C578L/6 01g 8 HUami ity dedoainuidn
Nornura Siam International Uszindlng Tnguyiisuuagninundesedisiion 1 Uk deunts
veaes o doudninaaoailoniside wininendousens ogfluvioaiimunignmgl Usinamas uag
ARG nuiivnsanudanesesies sy imivendeusaasimua

Trsennsiildfusyiinisiniduludninnaosninamenssunisssorussanisiddnd
WINNSUSAS MaeLay NU-AE591026

o [y o 1 2/ [y [N} 1 < | ' LY '
‘Viaﬂﬁ)’]ﬂwﬂ%EW(ﬂﬁ@\?LUUL’JﬁW@HNU@H 79U 161?33JLLU\'1E]BHL‘U‘U 6 Ny NEUAS 11 7 Lavhnay

nguazlasunstouenseng 4 dall

v o 1 o a vy 4 Y
nguil 1 Control group : nquauAw lisuemanynduazlssunmstouindu

Al
¢
1o

nguil 2 Atherosclerosis group (HF) : nguiigndnilibiinnizveenidonuduezlizunmstiou

]
vnd

ngudl 3 HF+gnusiausuLAsuLIR 10 me/kg BW (HF+MULLO): nduilgnnihldiianiizvaen
denuduazlasunisteugnmiousuuksuunn 10 me/kg BW

nejm‘/‘i 4 HF+gNMUaUd UYL 100 mg/ke BW (HF-+Mul100): ﬂzjuﬁgﬂsi'fﬂﬁﬂﬁtﬁmmw
waeadenuduaglasunmsleugnmleusuuisuiunm 100 mg/kg BW

nguil 5 HF+gnaiauauLiauuIe 300 me/kg BW (HF+Mul300): nquilgndninlfiinne
voeadenuduaylasumslougnuleusuwisving 300 me/ke BW

nguil 6 HF+81 atorvastatin 417m 5 mg/kg BW (HF+ATVS): nguiigndniliiAnanisvann
denudanazlasunisteusanluiuludendie atorvastatin ¥um 5 me/kg BW

e : lasanTpillddn inaaessuiulasinsdosi 1

vynaaesnngulasunisleuaisine ausvavideadeduilusyesina 3 1o uas
= s 4 Y s a ! " do o Y e L=
YauiReunynaaengumuanlasuemnsUng dwvyneassnguitniliiiannevaeadenuds



46

L

v o ] Yyovd 1o < a YRS,
Iasuomnsiiilodugs Tusening 3 weuil IadsSunaemsivynaaesfiuyniu dedwinuyyn

124
[ LY o

#ani uazdaseiuimaludenioussvisads ieasunm 3 Wou yhnanisusaaymnaes
dewtuidon lutuludesiios fu Wla wevwsndildfmunosnandmynaassogeninda el
ﬁﬂmm'ﬁ@ﬂ%umiﬂﬁjﬁmmgaqNﬁ'ﬂﬁﬂgﬁ’aﬂﬂgﬂqﬂﬂitﬂ continuously perfused micro-Ussing
chamber ol

o ¢

3.3 NS TURRUNTSUURddnIMAnDInaansEesIaAnYIIdY

levinuymasesitldsuundunm 7 Suudh wyvasesldgndsimiinduss famsziuimna
ngladludendeinios Accu-CHEX Performa  iitelifurEusunsmanoa swndumynguit 1 165y
91M3gnTUNA (normal formula) d@mmynaud 2-6 gnimihlifAnaewaendenudeonsiiv
ownslastugs (high fat formula; HP) Wuaen 3 e Taglusewrine wyneaeslddunmsteuasemu

2/
U e/

FwauiBunveanisulengy Tuazasa vniu Juean 3 e

9
U v ¢

Tusening 3 oy ‘v‘hmi%’aﬁwﬁ’né’wawwmamﬁﬂmwasﬂ%u’a LLaﬁmmﬁﬂmaﬂgIﬂaiu
Bomieuavads uenaniilivihnisdadimitnens Lﬁ@@ﬂ%mmmiﬁummsﬁw

emsufmun 3 ey nyvmassgndsimin uardadnimanglealuidendnads sandu
AAUNYNARDIAIBNTTAA pentobarbital 50 mg/kg BW nnstaaties Lﬁ'aLLu"la)'jmwmamaaUﬁmLé'a
inimdndespaitaifiuiadoluiilugesiowioun u,azLwnéﬁlﬁﬁu’awuﬂaanmﬂﬁfmwﬂamaéw
sad WlodlUAnwinisgaduansadagnudeuiiuid eynadaldsoyniniosiiegunsal
continuously perfused micro-Ussing chamber siold waggnvingagyinnijeisnn (Euthnasia) Aag
msdiavesenuassingiils ileliuulaimynanesideTin

snmynanosgniividlugibuiigumnd -20 °C sundraziluaenuduneuitaniy

diveaeaiiontside uvine deusens fviu

3.4 nsdnilivyneasaianisznasaideauds

A o v Y v o Yo ad |
LQJ@WﬂWU‘)V}ﬂa@QmﬂiUNWL?J‘UL’Ja'T 7 UL tVi'u‘}ﬂfj'll‘Vl 1 1ﬂ'iummigmﬂﬂm%‘1ﬁa’mﬂizﬂ’e)U

fsnBudwdumy mice 1¥ud Wty (18.6% stotimiingaw) luihu (6.29% sotmiing) mslulewmsn
(44.2% spuwiinsau) Ineusiaann cholesterol waglfndssuiedu 3.1 keal/g ﬁauwgﬂdmﬁ 2-6
gndnilfiAnneasnidenudeienislifuemsluiuuaziianage dausznouse Tusiy
(17.3% dorviingan) arslulewnsn (46.9% sothmidngan) ey (21.2% detmiingam) nsd
cholesterol 12.5 g/kg Antlu 0.2% sormtingau waylswdeeumedu 4.5 keal/g %qgjan’iwmmsgm
Uni wynaresgnidsnduinm 3 e Tnelifuemsuasthetiafiud (ad tibitum) uideu3ana
oINsTinynaaesiu udnnfuumUinaemsfituse fuses ‘Luwwdwﬁlﬁ%’aﬁmﬁné’hm
vnresiUaiazasa uazdungoinsiaunfisng 9 AidunasiFestianannsmaaesiiude



47

3.5 mimeaammmwumaamwmmmvmmanaiﬂa

ﬂammwmummaﬂaiﬂa wynaaeIgnanemtiuim 12 Flug mnuuwmwmaaﬂﬂu
mouse restrainer wag ammﬂumauammuﬂiwmm 40 pernwalded (JuanUszunn 5 uad
Lwa’twaamLaammamnauﬂaﬂﬂmwwwaaﬂuaamvnﬁﬂﬂs Mntuneadeniilnasenain
lateral tail vein USunol 1 2 ‘vmﬂ awuLmemmummanaTﬁmmlmaa Accu-CHEX Performa
Lwafmmmmaﬂaiﬂa Sod 2 ade udaheniildunady mmsmmaamwmamwumammams
’Lﬁzjmaﬂﬂ‘usL’JmUa')&mw’meuaum%aawamiwa ammlﬁwniumameaaammmmiﬂaumuuﬂu
diulunsadeadtely

g A L 1 0
3.6 arsinuiilewdelusiuludewioswazanld

AaUNYNAREIAIENI3ER pentobarbital 50 me/ke BW nn9%04¥ioe uaznsivaauinaaudn
v o v o a o Yo o o '
eMsliA pedal reflex (Iidu wle forceps Inivanewinvemwmynaaes dladiinsdhund uansin

% o ' 1Y Va1 v a A A o ) &
gaudnuan) Weudlaimunesesaavinudy dnlatewiouiefiuiiiotoluiuluiewiomun wae
dnlugaimin aanduieniiualé@imun leun duodenum jejunum ilium wag colon anaIne

1% 1 , 5 , | " | o °

wynaaeuaILdatluaIsazaty Ringer's solution futifuegesania weihludnvinisgady
ansdhAglugnuiousuwisrinueyrisdldfmeynieiesiiogunsal continuously perfused micro-

b 24

Ussing chamber sioly uaggavingagyinigamin (Euthanasia) saenisiladosenuasdndiiala
4 g v : =
elvladimynaaeudedin

3.7 m3fnwinsgaduansdAglugnuausuuisdasyairsasiiogunsal continuously

perfused micro-Ussing chamber

Lﬁmwné’ﬁlé’ﬁg@%maaﬂmﬂe%mwmaaa Juniuiluaisazate  physiological - solution
(Usgnaumiy  NaCl, KHoPOs, KoHPO4 3H;0, Glucose, MeCly'6H,0, Ca-Gluconate Tuarsidiudi
145,04, 1.6, 5, 1 uaz 1.3 mmol / liter mugnsiu Aroealuan3iuszanas 300 mOsm wazan pH 7
7.4) MisolRenind@sazany Ringer ﬁmmsﬁumfm%q Pnthidedldlazonnghonis flushing ¢i7e
fsaray Ringer Ynn1sAnuUsdIusingg vosaldaneaniiu duodenum jejunum wag ilium wazud
dausineq vesdldidnuavdldnaluansazane Ringer Muthiy

mimiamumlaLwahjﬁmsmqummﬂsm continuously perfused micro-Ussing chamber
vilagundldduiidesnsinvandmmandedensia (myenteric fascia)  waziduiden (blood
vessel) souusnmiidildoonaghnjuuianelindosqanssmi (stereo microscope) 3ntuapnTY
ndauilesen (strip muscle layer) WmﬁaLﬁsmLcjuL%uwﬂaﬁw”Lﬁ (mucosal layer) w&h3ssausiuie
yrlsdldmumuiniifesnisusyanss 1x1 on.2 (ifeanauugida (exposure area 0.078 mm?) msanans
494 removable dice T removable dice lUgonszuinananaved continuously perfused
micro-Ussing chambers ffauraUSunstieay 1 ml @15aza18 Ringer 9 lwanu chamber Ao
yifdldfunamaeninan ueviasavmesoniusn serosal side uag mucosal side \Boywils
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aldaggn incubate wnuUsELRY 15 ~20 wifineudunismaass gagunseal continuously perfused
micro-Ussing chambers fazidousaiu electrodes 2 %4 e electrical electrodes frefuirdesing
nsualiiin  (current generator) dwiusntenseualwiwuy  pulsatile Welddmiumenan
frumuvenBoyniiadild amumdnues Ohm’s law @ electrode BnYn Ao voltage electrodes 9%
Gﬁ@ﬁjmgﬂ’qﬂﬂﬁifl powerlLab A/D converter (Chart program; A.D. Instruments, Castle Hill, Australia
) fteduedesneufiaed PC leUstanadwmiuTnmanusednglwihweadeymisdlld
%Qnﬁ’uﬁﬂmaamnmmimam @15ayany Ringer lwariiu continuously perfused micro-Ussing
chambers 9zgnAIUANEUNYIAIBTTUY water jacket fundesetfimunugumgliil 37 e
waldua sewades crculating water bath LLazLﬁaamanUﬂsai continuously perfused micro-
Ussing chamber iflgeenuuuinlifansagany R‘mger’L‘Viauhulﬁauwﬁhﬁﬂé’ﬁ’aamé’mmaamnm frathy
wadBoyutdldarlisuuinneendiauiifiveme winisenusauulfansazany Ringer ngnlva
dilld uagasld 95 % CO, uax 5% O wiasazaouielmaddeumisdldldiuuiinn

oy A t L%
pONTLaUNNDRE LY

Mounted tissue )
Mucosal\ v serosal solution

Ty Yy
wrreriasiissies s s,
ALy IIIRINI IS T IS

Voltage electrode

Half-chamber b

«——— Current electrode

Voltmeter I
Current source

5UALEAS Theoretical model of Ussing chamber

] ¥ 1 -:} @ © ¥ 0 d] © 2 4 9/
msmaaumsm%umsazmagﬂwmuauu,mmuwa‘qwuqaﬂa Flapiilomlouanlddiudld
Anwnlugagunsnl continuously perfused micro-Ussing chamber Way incubate Judléiu
P ) @ o ' A ¢ S qw | v
Usganal 15 wituazdannindnyaraddndlnihasmadiae mnudliasazasgniiousuuns
14 . e © 2/ 2/ N v o !JA
Ty chamber 811 mucosal side voaiaa ld waziiuansazateniasu serosal side vaentaEbdn
A (-] e/ =) ' b 1 174 12 =Y 3
a1 0, 15, 30, 45 Lay 60 WY Lwauﬂﬂaﬂmﬂﬁmmmimmg‘*umgnwuauammamm% HPLC ol

e/ o

ynsenednuaireiuiidmiudildnnduiis duodenum, jejunum, ilium uag colon

3.7 MsATIEiveNa

v

k24 PRy a e < 14 o L) P o ) '3 a e ' <
W@%aw‘lﬂﬁ)qﬂﬂﬂi’bﬂ]ﬂﬂﬁLUU%@Q@L%QUS&JWN%QQ%W\U’]&JW?Lﬂ’i’l%%ﬂ’]\‘iﬁﬂﬂiﬂﬂﬂq'ﬁ%?ﬂ’] LAY

Y

e oA ' P |
(mean) kay MNdoievesradslngldan standard error of the mean (S.E.M) mstUiguliigy
| ) pu} | ' P o v o o a
AVIILANANYDIANRRETEIINauAIUAN way nqufilAsumsatinasyinlag A% Student t-test uay

)4 ¥

< o el et Vo o ° ' 1% o v e P
139 ANOVA #NUAIHLAUIEEN INUYUBYNURNYMELEEITUIU ﬂq&l’u@\?mﬂﬁdﬁwm@ﬁﬂqiLUTEJUL‘V‘EJ'U

Y
= 1 9o o

AMULANENN Lag A1 p value <0.05 fodndnnuwanang fusgreildedAynieain
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o
UNN 4 Han1INeaDg

1. wavasgnuisuauwisdetutininazseautmaludon

oY

174
| o o e & '

ninmsdaimiindamyneaeslunnd@unint wuiwyynnduiimindaintunueny wngu

3 4
o e v RS Y ! ) 4 o <4 | i A
Vlﬂua’lﬂﬁL‘UQJUQ\W!ﬂﬂqumu”lvmﬂw}ﬁ:j\‘iﬂ?ﬁ%%ﬂquﬂ’mﬂﬂum@u% 1 Wag wouv 2 Iﬂﬁlﬂquﬂﬂ‘u

ownsluugeghafeadiiminfannningudu ludeud 3 wynguiRue sl ugeegaiien
uaznguiifiuemsluugauazeaniaiiluidende atorvastatin ﬁﬁmﬁfﬂﬁaamaﬂuﬂumzﬁm‘gnfcju%u
q Shwindufiuay

mﬂms"i’mzﬁ’uﬁwmaimﬁaWumww&iamju WUImEIINY AT UEISHAT DM TANY
sawasiBundreiulussoynatnsy 3 dou msefuiinavesmyusayndulusvezia 3 would

' | a . ' i [ ' 1 |
LWIﬂG‘l"NQWﬂﬂi?ﬁLSﬁJﬁUﬂ'ﬁVlﬂﬁ@ﬁ (baseline) LLﬂ%lNLLGlﬂG’INﬂuﬂLULW]agﬂﬁjﬁJﬂ’]’ii’lﬂﬁ@\‘i (" 1)

Blood Glucose

120+

I

[
—_ K
3 % ;? control
® § Hight Fat
; ?ﬁ E3 High Fat + Mulberry 10 mg/kg BW
H % [0 High Fat + Mulberry 100 mg/kg BW
§ 60 High Fat + Mulberry 300 mg/kg BW
§ High Fat + Atrovastatin 5 mgikg BW
G
3
8
m

20+

= al g <4 ! 1A o o ¥ o <
AW 1 uansrasziuvihmaludesveaynguaiunu (Control) nguigndmiliAinnmznaenion
o bl o 0§ ¥ & o 'y | v
W29 (HF) nguigndmiliiinaenasaidonuduazlasunisiougnmiousuusiewunn 10 me/ke
oA Qs [ U e Vo | b4
BW (HF+Mul10) nguiigndninlfiinanizmasaidieaudauazlisunisiougnmiousuuiauina 100
mg/kg BW (HF+Mul100) nguiigndminliiinnmzmasndonudsuarlsifunisdougnmisuouusis
! A o © Yoy 1 2%
YA 300 me/kg BW (HF+Mul300) nguiigndmirliinniizvasadesudenazldfunistousian

luihiluidenfio atorvastatin 411 5 me/kg BW (HF+ATVS) Fniuamaifuy mean = SEM. vaamy
ludnguaz 11
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2. wavasgninsiousuwiwiauSunaluiuludesias

yinmstiuviinaluduludesyies (visceral fat) veanyusagnguundadmidn wudmdaen
mﬂéf‘%’umiﬂauafmt,azmmsmmwaaLﬁam%ﬁqé}’mﬂuiwmmmu 3 wou Usuadlvsuluveavio
| Qs © ¥ o P [ o e 1 1 o s “
voayngungndnirliiinnigvaenidenuds (HF) fusunnnndnguanuauilasuemisunf
] L7 [*3 73 o ‘4 78 ] v
sy nildedAyveada wazdienylasunisleugnuiousuuiarunn 100 uaz 300 mg/kg BW
(HF+Mul 100 wag HF+Mul 300) wazdeusnanluduluidenfe atorvastatin vum 5 mg/kg BW
| < o ) o -
(HF+ATV5) wunUSunadlviulutesissanas (0w 2)

Visceral fat weight

— 1.01
G * =3 Control
£ 0.8 High Fat
= s B3 Hight Fat+Mul 10 mg/kg BW
B ek Hight Fat+Mul 300 mg/kg BW
hl: 43 : Hight Fat+ATV 5 mg/kg BW
Q R
z 0.2 ..gi.kg :
> golEil B .

Group

o s o | v | 1o U o @ W oe
Al 2 uansnausunadlasiulutosieewyngualugu (Control) ngufigndniilifianguasa
=y < b as o LAY = < 2/ ot 1 L 2
doauds (HF) nguiigndniiliiinnniznaenidonudanazlasunistdougnuiououuiesuin 10
me/kg BW (HF+MUL10) ngudigndninliiifinniszvaendenudsuazlasunistleugnuiousuuis
voA @/ ] Y Vas
YU1A 100 mg/kg BW (HF+Mul100) nguitgndninliiiannzvasmieaudeuazlaiunisdeugn
H L 24 ! -:J o ] ¥ o et
visloupUUIYN 300 me/kg BW (HF+Mul300) nguiigndniiliiinnnznasadenuduagliiu
o & - " » A '
nstleusnanluiuluidonfio atorvastatin ¥u1a 5 meskg BW (HF+ATVS) Afuanauduat mean £
S.EM. vesnymaaeinguaz 11 i

1 1 4 ! o e/ QQA
* firganingumuanetaiifudfimeatiff p<0.05
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3. WavesgnvslauauwisraUsuIalviuuSIfundse o

nnsiudsualetuusnamunds oo (retroperitoneal fat) maawmmavﬂaumm
‘m‘vmﬂ WU’Jﬁwaﬂmﬂ‘wulmumif]aum'iLLaummimmwauLaammwmumusuaunmmu 3 oy
UsunalvsiulasiuuSnaumundeteio ?}awynnﬂﬁﬂmmmﬁnu (m‘W‘VI 3)

Retroperitoneal fat weight

—
(=]
]

&3 Control
B8 High Fat
E3 Hight Fat+Mul 10 mg/kg BW

e
co
1

Cl
]
©
[}
S
+2 0.6 M Hight Fat+Mul 100 mg/kg BW
P Hight Fat+Mul 300 mg/kg BW
- Hight Fat+ATV 5 mg/kg BW
5
& e
: RN BN
(14
Group

AWl 3 uameraUSnduuusnuiundidesiiomwesynguaauay (Control) nguiigndntlsifa
AMgnaeadonuls (HF) ﬂfcjuﬁgﬂ"i'fnﬁﬂﬁtﬁmmawaaﬂLﬁ@ml,%qu,azlﬁ%’umiﬂaugﬂmjauauLtﬁq
9 10 mg/kg BW (HF+Mul10) ﬂﬁiuﬁgﬂ“ﬁﬂﬁﬂﬁtﬂmmuwaamL?mml,%maﬂﬁ%’ums{]augﬂwﬁau
DUWTUIN 100 mg/kg BW (HF+Mul100) ngufigniminliiinnazmaenidonudauaslgunisiion
QramiBuULITIIA 300 me/ke BW (HF+Mul300) nduilgndniilsifinningmaemdonuduar iy

nmsdousanlusiuluifende atorvastatin v 5 me/ke BW (HF-+ATVS) adinanaidusn mean +
SEM. veayludnguaz 11 6

4,  wWavesgnuliauauwissaUulndv

1NSAYAY (Uven) wpemyudas nguundaimin wuimdsnuyldsunisteuansuay
2% 2 ) Y o 1 } % 1 -:] ot -] 1%
WIS wasldateRuduseusinatasy 3 1oy UimmLmuu’[,u%qwawmmﬂawQn%nm‘l‘m

)
o

70 300 mg/kg
& VoA Y] . H o/ [y 1
BW sausnguitdousnanlufiuluifienfio atorvastatin vu1m 5 me/ke BW Siiminueasuinnnia

Wnnmgvaeadonuds (HF) wagldfunistoundunSognmmieusuuisunn 100 v

1 ) L o L2 Lo A
nquAuAN BTy dyeadA (nndl a)
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Liver weight.

g
<
I

Control

High Fat

Hight Fat+Mul 10 mg/kg BW
Hight Fat+Mul 100 mg/kg BW
2 Hight Fat+Mul 300 mg/kg BW
N Hight Fat+ATV 5 mg/kg BW

n P
bS]
&

b
;.

Fodedk Fkk
*hkk
*k¥k Akt

}
)

NED

-
-

Liver weight (g)

Group

o H LYY i Vo e o Y = o
Al 4 waneemminduresynguauAn (Control) ngungndnililinnngasaionuds (HF)
t o v o v A < I v | v
nquiigniniliiinnnenasmdenudauarlasunislougnuaiousuusisauin 10 me/kg BW
(HF+Mul10) ngufigndninlfiinnnenasndenuduazlisunisdougnmiousuusisvunn 100
1 cJ 3 o = - 1
me/kg BW (HF+Mul100) nguilgndnialiiinnnenasaidenuduazlaiunisdougnuiousuudis
1 & N4 o ¥ o 12573
3u1M 300 mg/ke BW (HF+Mul300) nguiigndniliiiennzvasadenudauazldiunistousian

ushuludeniio atorvastatin 4ua 5 me/kg BW (HF+ATVS) Adluanaidiudl mean & S.EM. YOINY
luAnguay 11 67

L

| U U 1 o o/ ‘\Qﬂ:‘
#* Jengeninnguanuresiitydfinn1eefian p<0.001

5. wavssgnuiauauwiimMsineInsgaduaiseuntedldvo myvaaes

msfnwnan1sgaduansadagnudeusnunisdldvewmynnaosimeynguniel continuously
perfused micro-Ussing charmber tuldidondnulunynaassnduililfFunisiouasatngnmiou
IHuf nguauRy (control group) AldSuermisuni wagnguilgndniliiAnnnevasnidenuds
(Atherosclerosis group (HF)) Funeunisany dundldduma 9 i duodenum jejunum ilium
colon IMNNYNARDY undafenanawes micro-Ussing chamber antaliiansazanglnaslfeeos
Fruvoenitadnld way incubate wruUszana 15 urit wisaunduiudyyinadndlnindned
nulimsararegnisiousuuien gy 30 mg/100 mlyegu mucosa wagAENSATANY
YaRY serosa MNSEEEIIATT 0, 5, 10, Uag 30 Wil ileriluTasheieies HPLC iensiviins ey
ilansavasgnuaieusuuiegngaduriuntisdlivielal uasgaumnnioswinlvg nusseziai
fvun Tunisdsiognslunstinsesiyausnldidonasasanefiogieiiiumeiy mucosa uag
serosa SV 60 Faegs Tnsfiansayaregnideusuuiaiiiiuainsu mucosa $1um 6
fr9819 uazaNsazaNEgNMBUBULTKINTIAUNAF U serosa Taan 5wt $1udu 54 Foee a1
nquAIUAN (N5 — N1) uagnguitiuemnslusiugognafien (A1-2, A7-11) anuamil 5



Sample Date D (Duodenum) J (Jejunum) I (llium) C (Colon)
Name
Serosal solution n&al N 4 28 G298
N5 10/6/62 N5, 5min, D N5, 5min, J N5, 5min, | N5, 5min, C
N6 10/6/62 N6, 5 min, D N6, 5 min, J N6, 5 min, I | N6, 5 min, C
N7 11/6/62 N7, 5 min, D N7, 5 min, J N7, 5min, | | N7, 5 min, C
N8 11/6/62 N8, 5 min, D N8, 5 min, J N8, 5 min, | | N8, 5 min, C
N9 19/6/62 N9, 5 min, D N9, 5 min, J N9, 5 min, I | N9, 5 min, C
N10 19/6/62 N10, 5§ min, D N10, 5 min, J | N10, 5 min, | | N10, 5 min, C
N11 28/6/62 N11, 5 min, D N11, 5 min, J | N11, 5 min, | | N11, 5 min, C
Serosal solution najeu A § 26 A9y
A1 16/5/62 - A1, 5 min, J A1, 5min, I | A1,5min, C
A2 16/5/62 - A2, 5 min, J A2, 5min, | | A2, 5min, C
A7 12/6/62 A7, 5 min, D A7, 5 min, J A7, 5 min, | A7, 5 min, C
A8 12/6/62 A8, 5 min, D A8, 5 min, J A8, 5 min, | A8, 5 min, C
A9 20/6/62 A9, 5 min, D A9, 5 min, J A9, 5min, | | A9, 5min, C
A10 20/6/62 A10, 5 min, D A10, 5 min, J | A10, 5min, | | A10, 5 min, C
A1 28/6/62 A11, 5 min, D A11,5min, J | A1, 5min, | | A11, 5min, C
Mucosol side & 6 62
Sample Date 2 3 4 5 6
Name
June - 10 15 16 19 20 28
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o g o N N v ‘d .
NaN15IATIEUNIUSUINEIS Cyaniding-3-glucoside (C3G) MI8LAIDY high performance
- liquid chromatography (HPLO) Tuansazatsuinsgiu C3G A31uidudu 100 ppm U3uns 100
lulasans favansluansazans Ringer's solution Usuas 400 lulasans wu peak Auniifl 15 undi

~
AIHNINN 6

Auto-Scaled Chromatogram

0.104

AU

5 /\

A S L I R T O O T I O RRY SR T T N N S A A A B O N R T T R B Y B}

T T T T i 1 T
14.00 16.00 18.00 2000 2200 24.00 26.00 28.00 30.00 32.00 34.00
Mnutes

0.00

LN R R B S
8.00 10.00 12.00

AT 6 MWIERIHAN13HIIIAT I Cyaniding-3-glucoside (C3G) FA3Dg high performance
liquid chromatography (HPLC) Tudisaraledinsgiu €3G A1ududy 100 ppm Y3uams 100
lulasans favaneluansazane Ringer’s solution USunas 400 lilasans

HAN1IMIIATIENMATA Ay lugnueuaulse Aie @15 Cyaniding-3-glucoside (C3G)
CEPILERR high performance liquid chromatography (HPLC) luawazmﬂgﬂwﬁauauuﬁqﬁgu
Usingiliwuanslalameannansazategnsououueiifiuanifadnu mucosa uagu serosa
yosrfadldluyndru daanddudiedranmvosasazatgnmieusiu mucosa (Awdl 7) was
msagaEgnualonU serosa (il 8 uaz 9)



55

Auto-Scaled Chromatogram
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performance liquid chromatography (HPLC) Tufaeg19a15a2a187AU99n911 mucosa Ya9eela
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Auto-Scaled Chromatogram
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o a '3 % . 4 < .
AINN 8 ATWUAAINANITATINILATIENNI1S Cyaniding-3-glucoside (C3G) n381A584¢ high

performance liquid chromatography (HPLO) Tu@aeg19a15aza189AvaIne1u serosa VoINS
o 14 Y 1 5 QIQ Q4 2 A a e o [} N U A
&l 3 e vesynguitivosunafiiuluiudl 10 fguisu sWadiegs N5, smin, D (n); Jufl

=Y e o ' A o o o o o ! .
19 HOWIU TUARIDEY N9, 5min, D (¥) wagiun 26 HOUTYU SUENIDYN N11, 5min, D
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Auto-Scaled Chromatogram
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Andl 9 MALEAINANITATIVILATIEANES Cyaniding-3-glucoside (C3G) EERIGEDE, high
performance liquid chromatography (HPLO) Tufeg1sansazatefliiuaindu serosa 20961e
dld 3 daed vosmynguiiiuenslusiugs (HF) Aifiulutudl 12 Squaeu swWafaegna A8, Smin, D
(P); Ful 20 fqurwu saReEa A9, Smin, D (3) uariufl 28 figuieu sWadega All, 5min, D (1)
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=i a
U 5 aAUseuazaTUNANIINNGDY

nsfnwInavesgnimleuroszduthmanglaaluden Vsinaluiludesvies uaznisgads
asddylugnuieurumadideyntsdilddu 1 vesmyilldsuomnsluifugdlasinsided 19
anmlousuwiailaiuInIInanuidsienmansuazmaluladuvisUsemelng (12.) udhanuel
WunsaviBoauagiunagasinitedeuliunnynaassfigninmiliiinanzvasaideauds
(atherosclerosis) femsliiuymanoaiuetmsiiluiugs duvsenouveseslusiugs T Tusiy
(17.3% sotuingau) ansTuleinsn (46.9% seviuiingan) lufu (21.2% sethmingan) ned
cholesterol 12.5 g/kg Amiu 0.2% siovimingay warliwdsauivay 4.5 keal/el Wuszezaanunu
31fou anwanstadmindmyneasswuitluifeunsnuazifiouiiaes vyvaasenduitiuems
lugfugeotnaien LLaVﬂa'mﬁﬁummﬂ"uﬁuaﬁ'wﬁ’um*ﬂé’f%’umsa“maaﬂwﬁauauuﬁaﬁmmﬁuﬁu
10, 100 wa 300 me/kg u’muﬂm saumwunawnummﬂmuumLLauimumamlmJu atorvastatin
5 mg/kg umunm uumm‘wunmmnmwnawnummiﬂnm rdutsznousasamsund fifedl
Tusu (18.6% storntingu) Tt (6.2% et wiing) arsluleinsn @4.2% domingan) Tay
UsiAan cholesterol waglyiwdaausiadu 3.1 keal/gl dndluifoufianumynaasinguilivenis
lusfugeoghaien uasvynduiiivenmslufuganaylifuenanlusiy atorvastatin 5 me/kg dmiing
funlimwesiwinianas Tusndingudu  fhimdnifistuiaylbivandsannguauauund
usaihi e smynduilldsuenmsludugeiidmnndingudu drunavasseduthman gladlu
doawudlaifanuuanssiulunynaaeannnguaaonszozinan 3 iou Jetansidiuinnislainy
wagesRuemsludfugeTiusznoumouiinalufusanazil cholesterol figaninemsund Tned
U%mmﬁﬂmaw%mﬂﬁlamimhﬂﬁgqﬂ'jflmmiﬂﬂﬁmﬂﬁnﬁu’u Lidsasomsidsundasssiudinig
luiden Feaeandesiunanisinuivassnesiddvau q Adninlinymnassaeiugifieatu (mice
aeiug C57BL) nananufinUnfivesaenifonmenisivenniludugs

wansAnuUTailviuinuludeaios Saudslususenidu 2 dau mashumbding Ae lushy
Tuteaiosmesumiingnld (visceral fat) uaglvsufinunasinumds (retroperitoneal fat) wuiimy
yaaoanguiAue vslusfugaiusaunal visceral fat gandinduanuauiiiuomsyndogrediodidy
yneedd uazmynayiiiuemnslusiugesauiumsieuaisazanognisiousuusi viie o atorvastatin
fuiiviunn visceral fat flanaailowfisuiunguiiiuemslutugeedadided dymaadn udds
wualismeaUinalasufiuinniinguaiug uandiduinasaranegndousuudemmmdutui
3 5¥AU fe 10, 100 Way 300 me/ke BW @unsativannsazauveslvduludesvieslanifiouivinen
anlushu atorvastatin 5 me/ke BW dauuSinallasiuludau retroperitoneal fat W wudaluifiaana
uanAnafusgedifoddymeafilunyvaaomnngs wensAnuilassioulidiuin nisliuymaass
Auomnslutuiigdluszesinn 3 Woudu delidmalifinmsavauvedlusiulutesiossunds Tudud
woluuinndldulngduluiuiinvasauniioladslneunfosnutios uezanunsonulduantulaly
nsdiffUineiluilusemeiuundluiuaiigen

sansAnytmindulumymanes wuth wynasesnduiiuenmslutugmnnguihimiinues
FusnnnimymaaesiifueimsunAegraiiddymeedin wagnisldiumstouasazanugnmiou
ouLta w30 81 atorvastatin lifinadagluiFesnmsaniminvesfuudedadla wanisfnuifiina
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donraeIiunanIsANYIUTUIN visceral fat wwmmﬂimmawuiummamnauwnummﬂwum
agvieuliiiiuiniinadluduanemsiildsuinnifuung siinsavauiifusasuinarosios nsia
Ysnadutuazaulusuinniiuuniezdwaliimadduinanissniay dsaliiRnnigduuds (cirhosis)
wazorananeifuugiSeiulaluiign nislésuasasanegnulououuisaninsadivanuSunalliuly
Poavioslanalianunsatisanmsazauvesluulusuls

Namsﬁnmmim%umsa sanugnlousuuieiuadiBeyuilsdldfeungunsal micro-
Ussing chamber uumumsmamammimmaamsnumﬁawawanmauauLLm Tnensidudan
vosdlddausng q sedlddnAuvseenilu 3 dau fo duodenum jejunum wag ilium srutedld
Tng) eenarndanynaaes waztwndslusumisfanasves micro-Ussing chamber uayle
msauawan‘mmu@uLmﬁmmummaﬂamu mucosa Faflun1sdrasiafiouitemiseglulngs
alé Luaummmmmimmimamma miuuﬂvmumustaaLaauwuqaﬂé’lﬂaﬂmwuwmrm
AU serosa szmmﬂfum‘dmmummsmmumamamsavmsmamu serosa ba mﬂwamsﬁnmvﬂ,m
usegwansavanegnisloueuiianedn serosa Miszaznan 5 Wil MinryaaeInguiiue s
UnAuasmymaaaiiiueslasiugs wiiasaagnvdouiiivldtdsnsaniiamesimansadod
wuynlugnuieu fie @13 C3G (Cyaniding-3-glucoside) éfwmém HPLC (high performance liquid
chromatography) il U‘mgdﬂﬂwumﬂmas gnramsindonileannannsitldaunsansie
Answisenies HPLC Iéviuil iesanilontsldeueniuiuann deafusietrsansay a1egn
maul:;mwsumm 6-7 Lhou mEJmmuwmﬂLﬂummmaemsmaaﬂuwumﬂﬂLaa LLa“’Qﬂ‘Uﬁ‘“ﬂ’]i
nilsoniailosainiias 36 uszmﬁumimmy’l,uﬂauLLaquvEJmuu (anthocyanin) tfuiipny
wedestuannziunse Afldn pH <3 usiarsazany Ringer’s solution m‘l‘i’ﬂuavmaaﬂmauammq
Tumsinuifilen pH = 7.4 Feoradudnimamantslunsissenaliiaiesvesans C36 1¢ uidiann
Fmiazlurannanmsiiufetemsazasliunuiuly LW’i%lﬂVlﬂaE]‘UW)‘c’)ﬂ”!‘.iLG]’i‘c’JﬁJﬁ’lia“ﬁﬂEJaﬂ
wlouluasazane Ringer's solutxon fulmdieinsdieatufuiimdenlunisineise sndush
MRS C36 fetunouiimiloudy Usngdmuans €36 lumsazanognuaioudignindoy
Tmduazasaadasziviug |
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o Y o w v
UNN 6 UBANALLAZUDLEUDLUY

Tassns3duilldmausunsinylnenawnddininaassuiulassnsdesi 1 uaylugaad
veensnaans wylunguiigndniliiinnzasndenudauagldsunsdousanlutuludon
atorvastatin finsae ilisedealsuisnisuassesdamymaassunisifielisaumynanesty
nguilvhiumgnaaesndudu 1 wieliliteyansufuuarannsaswanmansinulildmeeds
fusiuduazideiold dedmaliszoraniamunvesnmsdninlinynaaeaiinnzmaen donudsld
asusuauin sl innguiulfnadnymeassannni 3 Weu dwaliszoznmmsfinynmsgn
Fuansazaegnmieuruwadidoyniadldmeyngunsal continuously perfused micro-Ussing
chamber @ouvenenaneenaulluse uensntuirdesdleilléinuSinaansatagnmiou fie ides
high performance liquid chromatography (HPLC) suilsnia uazfitinddevanevinddlunisdne
Wedewalddoslinsdnmmsidldiniesle Ganailimldiedosdiofunanifiufeteasazans
gnwdeusuusainnsnusieyagunsal continuously perfused micro-Ussing chamber fifeq
ymsfnwiuiiilonsuszernanisiassdndvnaes 3 ey muusunismnaesi lisenndoety
vilwllanunsoasaaiinsedliviuil foufvinedniasazarsgnmmiousuuis ingudiduiine,
Qamgfifl - 80 °C ummyilviansddlugnmisuansly Swsaalinumuihnasuly
ATeINuidivedasinsitudent 2 1 unsfinymavesansaraegnuleseuntissie
dnunglassasrmeganieiniavosiidildludausine 4 vemynraesnguiiléiuemnslusugiesng
e wanquitldfuomslufugesauiunsileuasaavanvgnusiououusis iWisusunauaiugud
§uemsund ilednuinavesansarargniousuuiehiinaAsunlastwaane danmitens

a dy o/ @ L ¥ N 1
Wnduuagdnwuannsivladugalaviolsl
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WAvBsETsEIngNaUiDRNYILYaN18TN1ALAZNISUENI9ENUDY immediate early
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Sy naudl R25628087
o ' e
s1891uRuUaNUsal Tasinistasi 3:

Fonwlve HAYDIANTANAgNILOURDAN YL JANEINALALNTUENIDDNTOY
immediate early response 3 (IER-3) Tusiala waonidenunslvaiiaziu
Tumyillésuomslutunaznags

%m‘mé’ﬂnqw Effect of mulberry fruit extract on histology and expression of
immediate early response 3 (IER3) in heart, aorta and liver of mice
fed with high fat and high sugar diet

WInlASING wet. 5ot Uz

A O m
SLYLIAMNNNIY 19

UNANED

anyluduludengs (hyperlipidemia) vnbilAanensanmiveieisvesssuuilanag
wasadon wasiliianisavanluiulusdu (steatosis) Inwnalnnisiiawensanmduiusiu
oxygen species 14 mitochondria (mROS) l#iAa inflammation A1 IER3 Dulushiud
fadesiunszurunismeuduesseiumasiiaaud1fey 1y cell proliferation, migration,
apoptosis kaz 184 inflammation %8y (mulberry) Fail anthocyanin Wuansdadny uazus
Qﬂ‘mjauauLLﬁQﬁqwéﬁﬂwaamﬁamﬁﬁ (anti-atherosclerrotic effect) waliquiuassgnmsion
ouudeazyilinaomion vala wagdu luniiy hyperlipidemia Mduaningsinlaiia
atherosclerosis tuagiimaidsuntameqaneiniregislsuasnalnnisoongud asduiusiv
MskAnIDENTDS IER3 0814l Faldvhnsfnugvsvesnsgnuieueuridlumywmienilfiia
A1z hyperlipidemia fagoamslasiugs (High fat diet; HF) SauiunisUeunsgnusiousuudi
(Dry mulberry powder; DMP) (Juszezinan 3 o lnefingunnaeidiuiu 6 ngu nguas 5 #
flo nguAIUAL NgY HF N§Y HF+MUll0 me/kg BW ngu HF+Mul100 mg/kg BW ngal
HF+Mul300 mg/kg BW wag HF+ATVS (atorvastatin 9une 5 mg/kg BW) Anwisagniidou
Masson’s trichrome, IER3 ag O SMA immunihistochemistry Wan15ANYINUINETINEDA
\@en (aortic wall thickness; tunica intima way media) Ngu HF IAnammnuingn waziluiunm
aveuves collagen WINGA  WREWUNITUAAIDBNAAAIYDY IER3 520 O SMA Tu VSMC 2w
sae Walaweengu HF fintsuunsvesntla (cardiac wall thickness) ¥4 left ventricle $afiu
hypertrophy cardiomyocytes wu liver voenga HF finnsavauveslofuludy (pid
accumulation in liver) wagzdl % of fibrosis uﬂﬂﬁqvw uanmmﬁuwu liver nfjaJ HF 8013
wanteantiNTuYes IER3 Waldsu DMP luvwiefiuansnedu wui nay HF+Mul10 mg/kg BW
ftnvnizqaniedmavemaondeniidniinduiilésu DMP lununaduy « sufulinisuanceendi
\iuBuska IER3 waz O SMA 289 VSMC mnﬂd'mzjuﬁu 9 Tudunudngy HF+Mull0 me/kg
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l l J i $2 L% d 1
IER3 }nnIngudu o sausme Tuwne?l fununisudaseenve IER3 fianaslungu HF+Mul10
4\19/@/ o o o P gy a
mg/ke BW uay Alasulusuindu q dimsuanseeniianasues IER3 wazlidnwarqanieiniaves
o e | e v o | v v U et o o, [y | v e < R
funaninguitlasulurundy 1 Wiy defudedanudullifinegnleusuusailgns anti-
. , 4 . . s o ‘. .
arteriosclerosis Tunaanidon way anti-steatosis Tudu Mdunasn anti-inflammation 1ag
:5 d % at o A 1 Qs ot i
DI9Y ﬁﬂa‘lﬂﬂqiﬂaﬂqmﬁ NADIDIALNITN NI VDY IER3Z wLLmﬂmqﬂﬂum@QWa@ﬂLa@ﬂ LLEEHAU LR
ogslsinnandunisyiaures 1ER3 Tun1seengud anti- inflammation Yeansgnyisieuauus
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Abstract

Hyperlipidemia can wreak a havoc on the cardiovascular organs and induce
steatosis. The pathological mechanism of hyperlipidemia is related to the reactive oxygen
species in mitochondria (MROS) which causes inlammation. IER3 is a cellular protein that
acts immediately early in response to stimuli and is involved in significant cellular
responses such as cell proliferation, migration, apoptosis and inflammation. Morus alba
(mulberry) which contains anthocyanin as its key bioactive component was found that
the extract from the fruit has an anti-atherosclerotic effect. Whether the mulberry fruit
extract would have the effects on arteries, heart, liver in condition of hyperlipidemia, a
leading cause of atherosclerosis, by showing evidence in histological changes and
whether its mechanism is related to the expression of IER3 protein is under investigated.
C57BL/6 mice were induced hyperlipidemia by giving high fat diet (HF) for 3 months.
Animals were divided into 6 groups, of n= 5 in each group, composing of the Control
group, the High Fat diet (HF) group, the HF+Mul10 mg/kg BW group, the HF+Mul100 mg/kg
BW group, the HF+Mul300 meg/kg BW group, and the positive control HF+ATV5
(atorvastatin 5 mg/kg BW) group. The aortic, heart, and liver sections of all animals were
investigated with Masson’s trichrome, [ER3, and O SMA immunohistochemistry
technigues. The study showed that the aortic wall thickness; namely the tunica intima
and tunica media of the HF group was significantly thickened and showed the highest
collagen deposition. This was accompanied with lower expressions of IER3 and O SMA in
VSMC. The hearts of HF group showed increased cardiac wall thickness of left ventricle
together with hypertrophy of cardiomyocytes. The livers of HF group showed liver lipid
accumulation and contained highest percentage of fibrosis. In addition, the HF livers
showed higher expression of IER3. In the groups receiving various doses of dried mulberry
powder, the HF+Mull0 me/kg BW group showed the best recovery of aortic histological
pathology than the other groups which showed higher expression of IER3 and 0L SMA of
VSMC. In the liver, the HF+Mul10 me/kg BW group showed reduced expression of IER3
together with a better recovery of liver. As a result, “the anti-arteriosclerotic effect” and
the anti-steatosis of dried mulberry powder were shown histologically in this study. The
mechanism might involve differential action of IER3 at aorta and liver. However, the anti-
arteriosclerotic effect and anti-steatosis effect could result from the anti-inflammation of
the dried mulberry powder. Further study in the signaling pathway of IER3 is necessary
and will reveal the role of IER3 in the action of active ingredient from mulberry.

Keywords: mulberry, IER3, dyslipidemia, high fat diet, atherosclerosis
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1a i . . Y|
Fre9uanIunsallsnlifnge (Non-communicable diseases: NCDs) atiufl 2 “KICK
OFF TO THE GOALS” ¥ 2557 nanvingulsaliifindeiduanmgnisaevesszenns 38 duau
o ] ) © o ey i e ! a‘d [ 7R %
Mlanluwsasl viliiienseereuedumsinsamzlunguussmaiiiseladosuazumnana
lulan eeAn1seuielanlanimun 9 global NCD targets dwmfudnnuainudianiilunis
2/ 1 A )4 (7 Y uu 4 14
witgvingulsa NCDs Fauszneusae 9 WWhvanendn uag 25 MTda fazfosussqlu we.
) $ s 1 a‘ o 2/
2568 lsavidlawavvaenionlunisluy ¢ lsandnvosngulsa NCDs fiosAnsounsislaniv
o w LY 1 1 | é = e/ & 1 c} o o o/ N
anuddnlunistdesiunagauauediasen Jsfilladennelsanddy ¢ Yade Ao 1) ne
luduluiBengs (dystipidemia) 2) nagaruslavigs (hypertension) 3) Ampimaludengy
(hyperglycemia) 4) nTigiwiniiuikazedu (overweight and obesity) aaunisallsaiila
wavnaeaRenvosUsEiAlne dninemilsalifiate U 2559 nsuauaulsn nsensie ans1sagy
Ieseaningildetineny 30-70 U flamisidiuvoinsdedinanlserlavaden 34 au Ty
100,000 Ay nmzamsiulaiings 32 A Tu 100,000 au warldsenudoyauualdunugnes
o/ ~ A i i 1 = U
Yadodosuazngfnssudostsalifindeseming wa. 2548 F9 w.e 2558 WUIIANUYNVDINIY
dminifiunaynnizdiu dnnuyniiugedu dgaly U 2558 wudmnugnansdminiiu
QI ¥ 2/ @ By -=J Qs
WL 30.5% uagn1agdau 7.5 % Wunawanaulveliwginssunisveuuslane s aillusiv
] Qs oo ¥ & o o LY PN Qs =) = o . .
gesaivemsniidimags Faluamgiliiianngeedluiuludeninun@ (dyslipidernia)
1Y oo v o v oa 1 . $
Wutaduidvaiidrdyiviliifalsasing q lnemnnelsavaonidenud (atherosclerosis; AS) B4
ihlugnmsilulsailevmdonls wazviliaulvededin Wusufuiu 9 uasuenaniudadu
o oo Ao v Y o @ M Y a o R
UaduidesivinliiinaoylufunsagadlusuildldiAnainamanisiugsn (Non-Alcoholic Fatty
. . & X ' o o Qa 0 a
Liver Disease ; NAFLD) vialiiisnganunasfingmng q ineneusiuignalnvaswensinerniin
. ¢ :} o o 4 a‘ 14 oL LY
(pathogenesis) 1ne IER3 %3e IEX-1 ilulusiunilandrdgyiiendesiunisnevaveslusesiu
tgaa baun cellular stress response, cell proliferation, migration, apoptosis 4 a ¢
inflammation wagwuNAMUETUGIU pathogenesis ¥aN5LAA AS wag NAFLD
Tagtuaulngldviunldladunmsquashnguammenindusiansssumdlaun fv
e/ 2/ A o 7 i L 1 QI d!!
ayulns visednwaldl fflosdusznevdrdgdislunsdnunlsadng q Wuundu arswoulnlsen
o) ' I o ¥ a 1 o ] ar 2/ =) &
flu (anthocyanin) Wuseadng Uiy e uazuns Amulaludie fn maldwaisuiasiuviegn
wieu @15 anthocyanins HmaudRazarsvilddmuaisusznoufuedn (phenolic
\ ¢ . P <£ ¥ a A a ~ |
compound) lungunanlaueyd (flaonoids) figndnsinduineruasdrInefivainvaty 1wy
Duanstieduoyyadase (antioxidant) anensdniau (anti-inflammatory) uenvniidaiina
seszuuhlauazrasniion lngdisnisveevasaiden uaz nsvdunisivaivuvesden an
eladlmesoaluiendatiedosiuvioannisiin AS uay NAFLD ¢
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miou (Morus alba) Wufiwiitegtuaulneiesgniftonisusinaluniadou wasns
My muﬁgﬂﬁmmﬂigﬂL{‘Juwﬁmﬁm%ﬁwmnwaw Feaulnedounslnafumn mulassnan
magilu nsdnualsaine 9 mansumndlusamesiuiiednamisudugitigaiids vage
Uszam wienis weuldndu uilvdedniay ufleduiaume annsdniaudnae wieanisuaudh
waziiandlos uasldlunisinuilselainens Tsawmnm smuiou 9IN5VIDIYN ey
fiswy Unge le drgaladin Yagela Yrgeanem thge dumaliansy vdamnudeusenain
N1y uavlsanudden viodaluwes lsaladodniau Tsalafinens ann1sTinsaes
ansddgyluranslounudt anthocyanin Wunilsluasdidy warldinisihundnwisoitedy
foyaeduivienalnniseangns Tun1sfnuadesiu Tsa niennzane q saufenins
dyslipidemia aghslsfimulunsdnuiisatunalnnisesngrimandyine wasdrinemwes
anthocyanin ‘Lumamjawiaé’ﬂwmqua%ﬁwaqﬁ’ﬂfo naoadonwnslng warAudinsioanis
Foyans3de afvayuiindy - sataduudfumsuansoonues ER3 Fafhulusiudtddysie
n1sAANE BanMYE AS way NAFLD Miinaina1ae dyslipidemia wﬁ'mﬂu?’fagm%ﬁmms
dmiuihlianngmstostu uay Shwinnay dyslipidemia fosdndusiansssuni hlan
n15ifin AS uay NAFLD 1i1lugnisandmsnis dedia sengulse NCDs Tule

2. nquszasa

d} Q’ ] 24 1 A g o=y

2.1 iefinwigvisvosnsgnuieunuuiiionIsiasuudasdnyaynaganisiang ves
s 1 s . v v LY
ila (heart) waeaidenundlng) (aorta) uawsiu (liver) vosnyiilduomnsluiy
wazdimage

r.4 la( 1 L4 i &’ d @/
2.2. WednwigvidvesHsgnuleweuLisienIsuantoonyes IER3 luileillewile (heart)
I Y . -4 vo LY ’ol
waenadenuAdlvg (aorta) wassiu (liver) voaylaTuemnsludunazihnegs
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2.1 MIFZLNHPNANIDUDUIAY

gnuilauvuiusisulagdhondvuarnindueisssund anduifeinermans uaz
walulaBuiesUseinelng (372.) Tneddnuagidunais AruauamnmlagnIsieseivinnans
total anthocyanin, total phenolic #8738 HPLC wagvhmsvaaeugvsiuoyyadasy Tngl43s
DPPH assay

2.2 dnineang

dnivaaosiilifony mice s C578L/6 019 8 Eani inendly anuidluyse wy
Famuemndar gninunissediation 1 danideunisnnass a aniudninaasaiientside
uAIngdoulsaas egluesiinuaugumndl Uinauasaranutuduivsauiniseny
dninaneaiionAdy uuAinendeusensimun

wdanindasnaaos 7 Tuuds svduuvyeenidu 6 ngu 5 ay 11 ¢ (saviadu 66

o L=
7) FD
! A i Vas - Yaor ,6, o
ngu#l 1 Control group : nguAuAx tnsuamsydnduarlasunistenngu
3 cJ . | i o o e 2/ e
ngufl 2 Atherosclerosis group (HF) : naufigndnitlviiinnmenaendenuduagldunisleu

hindu

ngul 3 HF-gnusloueULTIvUIR 10 me/ke BW (HF+Mul10): nduiigndmiliiAnnnzvaen
desudanaylasunisteugnuieusuuisuing 10 me/kg BW

ngudl 4 HFgnvLoUB UYL 100 me/ke BW (HF+Mul100): nduiigndniilvAnntie
waendenudaglasunistieugnuiewsuuisving 100 me/ke BW

nguil 5 HF+gnuslousULTavLIn 300 meskg BW (HF+Mul300): nguiigndniinliinne
waendenudarlasunisteugnuieusuuisuing 300 me/ke BW

nguil 6 HF+81 atorvastatin w11 5 mg/kg BW (HE+ATVS): nguiigndmiiliiAnniiznaon

Wenuduazlasunistousnanlusiuludenfe atorvastatin 4u1m 5 me/kg BW

Frinmansarlduansuavemmsnuswasdondrstuiusseznm 3 Weou lusywindl
axdaUnaomsiinyiuyniu Faitinmyyndnis uaztszduhmaludenidouarade
niuFagnitilfmsegnasunasiiuiegadeaiiothlufamsesuleiuludon Tiu total
cholesterol, triglycerides, low density lipoprotein (LDL), high density lipoprotein (HDL) Wag
fuani atherogenic index (Al iiulusulugesvios heart aorta uaz liver waziitothlufin
ANYAENINYANILEINIA ANYINITANEAIVDINABALTEA aorta wagdnuguslunisanuuianis
mevendniorlannamenduierlenndenudiidonnduiniaodneoly
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2.3 MSANYIRNYIENINYANIBINIATDY heart aorta wae liver

MIFnuANYEN19gan1einIAYes heart aorta waw liver seNseUIUNITH tissue
paraffin block AN1IFI8N15Y tissue section fiAMuMUIVEY 3-5 luAsou waznsfoude
Masson’s trichrome staining 115 U@nw¥1 morphology 484 aortic wall ka® hepatic
parenchyma 11 tissue sections iy nséfen Tudnwigdnune uazdronwansldndes
N33k UUsTINAT (light microscope) wagyiing Aiaszinmsnelysinsy Image J 52U
HANFIATIBINN dmsumsiiaseiiveya Tuddusely

2.4 nsfAnwduyludalaadl (immunohistochemistry) 484 IER3 Tu heart aorta waz liver
MN15ANY immunohistochemistry 989 0L smooth muscle actin 11 aorta uag 1ER3
Tu aorta wag liver e tissue paraffin block AMuFawN15Y tissue section fiRIMUMUITEY 3-5
lunseu Taefinw tissue expression 14 vascular smooth muscle cells (VSMCs) 904 aorta
way parenchyma 994 liver ﬁﬁm‘sﬁﬁﬂﬁﬂ%'ﬁzij antigen Waz antibody el primary
antiboby 9 anti- O smooth muscle actin (anti- 0L SMA) a¥ anti-EX-1/IER3 antibody
waz 14 secondary antibody 1usyuu Avidin-Biotin complex / horseradish peroxidase (AB
complex / HRp) A1uA28 DAB detection Wway counterstained #aen158eu haematoxylin
vinifuth tissue sections fiHiuntstion lfnwade warvdiwamanslindeaqanssamluvy
555um7 (light microscope) LflevhnsAnuUsIaes postive cells fae TUsWASY Image J
WaESIUTINANTIAT AW dvTumsiaseidoyaluddusiely

=Y d v
2.5 m3Aasevideya
2/ :J 9/ o o [=4 £ 74 o oy & ] ey < oy
PoyailavnniifeazitudeyaieUiuindrzgniuiidmsizineadflagnis
] ¢J ) d 1 d /1
ARy (mean) way ANLRNaYRIAaaYlneldA1 standard error of the mean (S.E.M)
U 1 A 1 § U A 2o ¥ v
MIUSIUFIEUAMULANFSYDIALRRYSEVINNGUAIUAY Way NFUTIlATURIgNIoua WIS

° aa o et Lo o o ] 2 o v
vilag 35 ANOVA pnuauwmagay Meilinegivanuazuazdiua nguuasdoyaidonis
WIguiguALLANgNe Lag A1 p value <0.05 fi71danuusnansiusgadideddeyneata
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1. wamsﬁnmé’nwmzqamaﬁmﬂwae aorta, heart way liver (g‘dﬁ 1, 2 way 3)

o

1.1 §nWaEN199an18N1AT04 aorta bk AMINUNUIYBINTINaEAIADA (aortic thickness)
o , . Y . ,
(5UN 1A) wagnsavauved collagen fiber (collagen fiber accumulation) Tutu tunica media
pu| | | . . . t |
(5U% 1B) Tngwudngu HF 1 aortic thickness Uag collagen fiber accumulation 1A NG

control ﬁ'}%%’ﬂﬂ&jumﬁfu Dried mulberry fruit powder (DMP) 224 aortic thickness Wag
collagen fiber accumulation fianastasiamizlungy HE+Mul10 adSnuazqanieiniafanan
Tungu HF+ATVS wuiidnwaifireutndlndieatunds control waguonantumuilungy HF §
disarrangement Lag hypertrophy 11515842984 vascular smooth muscle cell (VSMC) 1‘14‘?‘?14
tunica media %ﬁé’ﬂwmzﬁaﬂdnwuamaﬂuﬂejuﬁlﬁ% DMP

e histomorphometry U494 aortic thickness hag collagen fiber accumulation
aorta Wudniis aortic thickness ey collagen fiber accumulation ¥84ngx HF dAruunnsing
9nngu control  naufldsu DMP way HF+ATVS aghaififddy (P < 0.01) uenaimbuwush
nga HF+Mull0 wag HF+ATVS 3 aortic thickness wae collagen fiber accumulation 14
WANANEIN s control (51971 1)



. Control HF+ATVS

o o a % .
E‘U‘V‘ 1 aﬂ@mgmqﬂﬁzaﬂWU’JﬂqﬂmaQ aorta Iﬂﬂﬂ’l'ﬁ‘a@u Masson’s trichrome

A. Aortic wall thickness; 10X magnification
B. Morphology of aortic wall (collagen fibers & VSMQ); 40X magnification

Tl : Tunica intima, TM : Tunica media, and TA :Tunica adventitia
: Endothelial cells
>
: Vascular smooth muscle cells (VSMC)
—
: Collagen fibers

76



77

Ars1edl 1 Histomorphometry U84 aortic thickness way collagen fiber accumulation aorta
(n=5)

Histolosical criteria
Experimental

Groups Aortic thickness Percentage area of collagen
‘ (mean + SEEmm) (mean + SE: %)
Control 275.9017 + 7.8584 31.4692 + 1.2531
HF 385.5487 + 10.8907" 48.8828 + 1.2117"
HE+ATVS 281.6770 + 8.,1084 * 34,9018 + 1,6101%
HF+Mul10 291.2072 + 5.0201" 36.7886 + 1.0503"
HF+Mul100 314.3015 + 6.4002" ** 304664 + 1.6192™ #
HF+Mul300 337.5234 + 57201 " 40,9437 + 1.3505™ ##

% LY A
wWisuWguniu control #1 P<0.01

# [ Byuldieuiiu HF 1 P< 0.01

1.2 AnwUEN199an1eIn1Aved heart laud Anunurveswisiale (cardiac wall
thickness) (3‘1Jﬁ 2A) wAEANYMEYDY cardiomyocytes (gﬂﬁ 2B) WwuiIngy HF 1 cardiac wall
thickness U949 LV unsndign Lazngs HF+ATVS darmmuives LV anasindides control
ua wuinguilesu DMP il cardiac wall thickness fidoudnamntiosniongu HE Tasngu
HF+Mul10 & cardiac wall 989 LV Aidoudnauraniangy HF+Mul100 uaz HF-+Mul300
uaﬂmnﬁ’uﬁammwuﬁ hypertrophy cardiomyocytes uag collagen USLINTOU 9 NaoaLden
vosngu HF Wiinduniingud «
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Contre!

HF1ATVS

HE thulfo HF eMut 100 HF+Mul3C

U 2 Enuaizneqanieiniaves heart Iaunstiou Masson’s trichrome
A. Cardiac wall thickness; 4X magnification
B. Morphology of cardiomyocytes; 10X magnification
LV : Left ventricle, RV : Right ventricle, LCW : Left cardiac wall, RCW : Right
cardiac wall, and
IS+ Interventricular septum
=€ : Cardiomyocytes

<«  Vacuole
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1.3 dnwagnneganiginiaves liver liun dnwauen1snszates vesicle U3ians hepatic
lobule ¥UAVDY vesicle WaraNYMEYY hepatocytes dlevhnistiousay HE ‘Wm"mfrju HF 4
N15n58918109 vesicle dulugiluvinm zone 1 And PT) Tnsiannz vesiclefl fvwnlvg
(macrovesicle) 11nn31 nga control luvmzfings HE+ATVS Wwag HE-+Mul10, HF+MulL00
wag HF+MUl300 §9manun1sngea18iluusiaumny zone 1 1uiu  uanudnfiuSunames
macrovesicle fianaq (gﬁﬁ 3A) wenINTudmuin hepatocytes Tuusian zone 2 uag zone 3
voungy HF il cytoplasmic vacuole UsingWitu aazlaiusinglungu control uazéannsa
W cytoplasmic vacuole lut3iam zone 2 uaw zone 3 ¥8a  ngu HF+ATVS Lagnguitlésu
DMP ¥ 3 qunmiuiiu (gﬂﬁ 3A)

| conteol : . HE $ATVS

¢ HFsMulto z

HF+ATVS

: ' HF+Mul1oo |, HF +Mut300

g

gﬂﬁ 3 ANWYNI9YaNEINIAY0Y liver Inen1sgon HRE
A. Hepatic tissue ma\‘lméﬁgﬂ 6 ﬂﬁjm; 4X magnification
B. Hepatic tissue ‘angﬂz\i 6 ﬂﬁ:aJ; 10X magnification
CV : Central vein, and PT : Portal triad
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HANT3ANYINIEN15E0Y Masson’s trichrome wWu3Ingu HF Snnsasauved collagen
fibers U31I0d periportal Wiuntu wavdawuil perisinusoid ns¥eiTh hepatic tissue e
wWiguWiuiu control  waznunisazanves collagen fibers Tuusiansanananasunnaieiy
luustazngunisnaaes (U7 4 A) ilevhns¥nuiuaves collagen fibers wuinitosazns
dvauvey collagen fibers (% of fibrosis) USLInd periportal Wag perisinusoid Lﬁuuﬁﬂ%ua‘&h\‘lﬁ
Wuddgneatiflungy HF Lﬁam'%amﬁwﬁumju control (p<0.001) waz Wu31 % of fibrosis
anaslungunismaassdu q wielingu HF+Mul10 § 9% of fibrosis anaseesdituddams
aifudlenSeuifivuiiungu HF (p<0.01) wagdailnitdosndingy HE+ATVS (3U7 4 B uag )

HF+Mul100

4 C
.% 31 % of fibrosis (mean + SD)
E 2] _ Control 0.00
‘B HE 3144 + 0,3212 ***
o\° 1 G

1 HE+ATVS 2,038 £ 0.2509
0 HF+Mul10 0.944 +0.1440 #*
<&  HF+Mullo0 2342 % 07550
& :
® HF+Mul300 2.114 + 0.4858

g‘dﬁ 4 ANYnEN1NYANIEINIAT8N liver Inn1sdou Masson’s trichrome
A. Msagauues collagen fibers HadiEw) Tu hepatic tissue ‘uaqm‘gﬁu’a 6 Ng¥; 10X magnification
B waz C. n3m uavmssiouasnisagauves collagen fibers (% of fibrosis) lu Hepatic tissue maqw@ﬁ% 6 NAY
) : Collagen fibers, CV : Central vein, and PT : Portal triad
#**p<0.001 VS Control, *P<0.01 VS HF
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dlovnisden Oil Red O Wiofnwinisazauvesluiuludu (lipid accumulation in liver) &
wansluzudl 5 wudyits 6 nguildnwagaes microvesicular lipid accumulation Using il
¥ 9| zone ¥4 hepatic lobule Inglungy control fY3unns microvesicular lipid accumulation
$ruawtiosfian uenaniunudnune macrovesicular lipid accumulation Tungy HF Using
y)n 9 zone Y84 hepatic lobule nefinsaganilu zone i1 W nTign uazdsnmy macrovesicular
lipid accumulation L Helunga HF+ATVS, HF+MULLO, HE+Mul100 uag HF+Mul300 Tu
Uuriflanas urogralsfnrungs HF+MU300 wud1iU3una macrovesicular lipid
accumulation #innAPIngs HF+Mul10 wag HF+Mul100
waziilovhmsinseidevavvestuiiifinsazeaulumuludiu (%Area of hepatic lipid
accumulation) fauansluzuil 6 wudwmylungu HE (47.165+6.508) f¥ouazvosiuiifitings
avanluulususnnniingu control (34.387+7.613) agheilifudndnyl P<0.001 uazwuingu
HF+ATV5, n @: 3 HF+Mul10, HF+Mul100 & @ g HF+Mul300 3 %Area of hepatic lipid
accumulation anasiieiFouifieuiungu HF usegalsififisandu HF+ATVS (36.3395.921)

o et aa

uaEndY HF-+Mul10 (38.588+8.215) winiufluandnafundy HF egrsiitioddymeadn

" Control

—]

HF+Mul100 i HF+Mul300 £

Ul 5 &nwaizwes lipid accumulation in liver Taunnsdiou Oil red O fifdseney 10X
CV : Central vein, and PT : Portal triad
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Hepatic lipid accumulation

@ 60~

E Bl Contro
$ 8 HF

et 404 Wl HF+Muli0
)

= &3 HF+Mul100
g 20- MR HF+ATVS
3

©

o

=

-l

L=
[1

Groups

2 % & 44; o Y . L .
Jun 6 nsSosayvesunniinisazauloiulusiv (%Area of hepatic lipid accumulation)

w0k | S Aguiu control 91 P<0.01 kg 0.001
i ## WSBUiBUNU HE 9 P< 0.01 uay 0.001

2. HANISANWIANWUZNSHENIDDNUDY immediate early response 3 (IER-3) Tu aorta, heart

way liver

vhnsfinyinsuanieenves IER-3 Tngniséfen immunohistochemistry LiognTUARI88N
999 IER3 protein U84 vascular smooth muscle cells (VSMC) ‘Lu‘fju'u tunica media Y93 aortic wall
(U 7A) wudingu HF §iUS110s immunoreactive cell of VSMC tasningu control luved
QY HF+ATV5, HF+Mul10, HF+Mul+100 way HF+Mul300 Using) immunoreactive cells sy
mnndnga HF Tagtomzdanamudaings HF+Mull0 Hufl immunoreactive cells Wiufumnn
NG HF+Mul100 wag HF+Mul300 wazlileyinisdnen histomorphometry wamau3unuiosay
U949 immunoreactive cells WU31 ngu HF AUSu792 immunoreactive cells Wosndangu control
pgaldedidgynisaia (P< 0.0l)lu‘umxﬁmju HF+ATV5, HF+Mul10, HF+Mul+100 W&y
HF+Mul300 U51n4) immunoreactive cells lRuguninndngs HF  1nslaniz HE+ATVS §
immunoreactive cells Lﬁwﬁuﬂ’hmjmméj% DMP 13 3 ngu LLﬁﬁ@ﬁLﬁuﬁﬁwé’uﬂmdmdu
HF+Mul10 Huii$osay immunoreactive cells isdumnndngu HF sgneideddymeadn ( P<
0.01) (A5l 2)



HF+ATVS

5
SIS

A

i Controt ” " 1 e
: s . = = :
o
FT o
N ,CV . - Lo i e
“ %
(4

.
T (82

L CV P 2

4 o . :
JUN 7 anwagnsuanseenved immediate early response 3 (IER-3) Tu aorta
Tnensteu immunohistochemistry
A.  Immunoreactive cell Tudu tunica media 999 aortic wall; 4X magnification

B. Immunoreactive cell Tu hepatic tissue; 10X magnification
<X : Immunoreactive cell of VSMC

< : Immunoreactive cell of hepatic tissue
« : Macrovesicle
CV = central vein, PT = portal triad
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a9edi 2 Morphometric quantification 984 immediate early response 3 (IER-3) Tu aorta
lngn13dou immunohistochemistry (n=5)

Exberimental Glouis Percentage of IER-3 positive cells

: (mean + SE; %)
Control 69.4960 + 5.7528

HF 35.6000 + 2.2990

HF+ATVS 64.0300 + 2.1255 #

HF+Mul10 : 61.1480 + 3.8196 *

HF+Mul100 49.7180 + 3.4554 "

HF+Mul300. 48.7300 + 5.8590 "

* ) <

WSpuiguiu control 71 P< 0.05

"WSyuieuiu control 71 P< 0.01
= o 1) o

"\ JSeueuiu HE 91 P< 0.01

UBNINT HANTUARIDBNYDY IER-3 Wamsliiiuiensiinne Baniwues hepatic tissue
lung HF, HF--MUl100 uay HF+MUl300 iolé3u DMP TutSuaiiuandnafy wusaHF uas
HF+Mul300: wun1suantosnves IER-3 Aelu cytoplasm 209 hepatocytes 1y zone 2 way 3
WarUINAYRUUBY macrovesicular cells ‘f"nmmagjﬁu hepatocytes 1u zone 1

HF+Mul100: Wun 5uans®anves IER-3 fivaures macrovesicular cells ﬁumﬂ@gjﬁu
hepatocytes 11 zone 1 uslinulu cytoplasm ¥4 hepatocytes Tu zone 2 wag 3
HF+ATVS Wae HF-+Mul10: lsiwunisuanseenves IER-3 alu zone 1, 2 uaw 3

3. Wan1sAnen immunohistochemistry 484 0L smooth muscle actin (0L SMA) Tu aorta

NSleMtaan O SMA 9849 vascular smooth muscle cells (VSMQ) Tudy tunica intima
ke tunica media Y99 aortic wall (E‘Uﬁ 8) Iuﬂfjil HF 13wy imunoreactive cells of OL SMA
Usanglut tunica intima usidsnemy disarrangement wazluunnillvgduves VSMC Using
‘Lu‘i'?u tunica media hag Lﬁaﬂmimﬁ imunoreactive VSMC of O SMA ‘??u tunica media
‘W‘U'J’mmJ HF JU3uas imunoreactive cells ua‘an’maw control mnmam LLav‘W‘UﬂﬂauﬁImU
DMP 4 3 ngu & immunoreactive VSMC meumm’s’mam HF Tneianng nay HF+Mul10
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wiegnalsfimu HF+MUl+100 uag HF+MUL300 easil immunoreactive cells Hosndaniingu
t o
control UNY (§U 8)
91nNN15ANW) histomorphometry wamiU3unnsovayaoe immunoreactive VSMC Tu

8
=

1, . . ; dda , : a 8 )
U tunica media WuISogayNUAN immunoreactive VSMC veangu HF fiusanaiosndn
ngu control wanAseETTdARYMNNERR (P< 0.01) 933913 HF+Mul100 uag HF+Mul300
| ) aa 1% & A, . o o X ! ' A
waglidwuanuuansvnsalifivesiesasiui immunoreactive VSMC iiin@iuseninangui
e cg ' Qs 4 =
1a$u DMP 19 3 ngul fiungu HF (ns79i 3)

20 pty Py

HF#Mul10D

=l o .
JUY 8 dnwmEnITUAAIDBNYBY YBY o smooth muscle actin (o SMA) lu aorta

Im8n13g91 immunohistochemistry (40X magnification)
= : Ol SMA positive cells



ansedl 3 Morphometric quantification 484 QL smooth muscle actin (0L SMA) lu aorta

Inen1sdon immunohistochemistry (n=5)

Expe’rimental Group: Pe‘rcentage area of O(,SMA positive cell

(mean * SE; %)
Control 39.3800 + 0.9620

HF 29.7260 + 0.6434 ™
HF+ATV5 35,6940 + 1.8027
HF+Mul10 34.5960 + 1.6146

HF+Mul100 30.6600 + 1.1109 ™

HF+Mul300 31.2720 + 2.1330 "

£ Qs d
Wisuiteunu control 91 P< 0.01
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uni 4 aﬁﬂswmmzaj‘ﬂwamsmam

4.1 HavansgnvsiauaulteianIsiuRsuLYRAIENYMEN199an18T301A aorta heart waz
. d = o f Yo ’ o Y
liver vany Anddganviie hyperlipidemia fae HFD

anuaEnINanIeinIAvasaiden aorta ‘U@wymﬁ%mmﬂ‘uﬁuqa WUITUN 12
dUan L‘ﬁamﬁmﬁﬂﬁ%wﬁﬂmwl‘uﬁuga (hyperlipidemia) nsAnwadel] Lﬁwy}tﬁmmw
hyperlipidemia nilentiinisifin chronic inflammation fidawasiiliuaenidoniinn1nzwase
Foauds (atherosclerosis) 1ai anwaEn9ganens ( histopathology) et tunica intima
909 aortic wall 1 Fatty Streak wagfibrous Plagues m3un ﬁg\‘lﬁlﬁmiﬁ’lma internal elastic
lamina gn¥inane fin1sdniauiatu Snrsifiudiauies nisiadews (proliferation and
migration) 789 VMSCs wrludu tunica intima silsiidnuasmundiu (neointema formation)
[1, 2] Fansanwadat] limunnsiwasunvassenan uinuniswaeuulas ey tunica
media TevnonEeaivu Rty uaydl disarrangement ez hypertrophy 489 VSMC Wagnu
31 collagen fiber accumulation walervaziiunisasunasmes VSMC Tyt pre-clinical
stages of atherosclerosis finevauDse inflammatory chemokines 7l endothelial cells Tu
atheroprone regions ¥4 arterial wall udoenu1 viliiAn proliferation was migration w4
VSMCs  lutiu tunica media Tudeauanufausin: tunica intima I sieil VSMC Seanaunsoadns
collagen type | kag collagen type Il u&33911lUgn151fin neointima formation wa
proatherogenic vascular remodelling [3] warusneiniuludu tunica intima ldWUnS

i A L o !ld! LY o a L=
waneeonved O SMA i VSMC veavunguinlasu HF virlindnebuduszauveanisiianyide
L < 0’5 d’l as ¢ o 2 as =
mwmawaamLaam‘wﬁﬂwﬂ,umw LLﬁ%B\‘l‘WU’ﬂLQJEﬂ;Wé‘U DPM 91161 10 me/ke UN19LanAt00nUeg
[ (A 1 oo w 1 . .
oL SMA 11NN tuauIn 100 Uag 300 meske MsllonavzniunalnfidAgsenis proliferation
199 VSMC dednfusosfinusoluluouran
& & < o | oav ve | .
nsfinwaselinunisvasuwdasvesidlalungualdsu HF Tnewudn cardiac wall
. ! Iy : = :
tblcikness oI LV fuunnvign way cardiomyocyte 1nn hyperjrophy Y04 cardiomyocytes
o I . < . . .
o139z lunaN191n HFD aanisuansaen SIRT3 expression Fa1du mitochondrial protein
d e} L4 of N ° 4 QI N d" ° Ve . °
MAgIeeiu metabolism vilvliL ROS production #vhlwlAn cardiac hypertrophy wawgyin
Ticardiac dysfunction Iuﬁ’sjﬂ (4]
:5’0./ [y . . | Y] . & P o/ A
uonINULINUanye lipid accumulation 3UnUY fibrosis IuLu@LEJE)mU‘UMﬂQNVl
615U HF \fin steatosis-stimulated fatty-acid oxidation Tu liver wag hepatic inflammation
-é Qs . ] £y N © 14 A .
Fadadu early risk factor ¥l#iAn atherosclerosis Ingviraneniinfives endothelial cell
3.’1 o 1 o a . d} 124 A o N 2 as
FINIEWFINNTINA VSMC hyperplasia [5] L&J@Iﬂ%iﬁ%ﬁmw hyperlipidemia 165y DMP Tu
S o w gy o & - I e ! o Sd o
USunaufeneiu wulldnyngnaqanensnanas aeranlululan DMP uneefigrsfivaeteiu
o & . . M 1o Y o . e . !
n19wWaruLUaIves VSMC lutu tunica media LivinlsitAanas neointima formation %2ean
cardiac wall thickness 03 LV sauvislaiiiiy fibrosis uay lipid accumulation ¥®4 haptic
, o4 vl Ldd v oo &
tissue Teo19arfimnundulafl DMP sevazeongnd ARerdosiunisan ROS production Neg
o Y a B . L 2 o . .
yiAe inflammation muxn wazesazdignsntisliinnig proliferation
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¢ . , . ]
4.2 gNBVDINIGNUNIUDUUIFDNTTUENDDNVDY IER3 Ty aorta uaz liver voamyh
= o a . .
willgatihliia hyperlipidemia 698 HFD

nsudnseenves IER3 9nnsAnuasell lgvinnsinuilu aorta uay liver Maiinsnzua
mamilenilfiinng hyperlipidemia wunisivAsuuUasuesdnvugymaganiesinaiidiule
dau Tatinsuansoonues IER3 udu protein Mvimihillunismugy inflammation and
ROS homeostasis v stress fnsudmseniwanssivluudazideide (6] Tnenansinu
wud VSMC Tumyngudlésu HF fimsuaneenilanasvedlusiu IER 3 Tuwnzfingurunums
fuanssendiunnnin veq IER3 eiinnisdnuitiuaniderinig knockout IEX-1 gene Tumy
WU whliARN1sNIees cAMP-signaling fidnastensiin mitochondrial reactive oxygen
species (MROS) 7vhiAn inflammation VSMCua inhibits cAMP-dependent vascular
relaxation Y1lwiia systemic hypertension san [7] [EX-1 §aviwiiil survival action g
an ROS wona Nt ﬁuwmmﬁﬁﬁm’ﬁumimuqu macrophage way inflammatory process
(8] waziilefiansan nsuanseonvosnauilldsu DMP s 3 ngy wuihiinisuanseentes IER3 i
Wit Tnsawny vuin 10 me/ke Seilmanundilulei DMP o1esiinasionisuanseenues ER3
\leam mitochondrial reactive oxygen species (mROS) Aivl¥iAn inflammation Waitezsinaln
i pathway Tefusnfudesdnvifindudely

Tun1suantenues IER3 T hepatic tissue SAINULANANS9IN aorta 1193 %Hﬁ‘lﬁ%’u HF
wuilmsuanieenves ER 3 fiuanndn ngu control amnmsAnuisinusuasdmuslums

wanseenas 1ER3 Ay direct downstream transcriptional target of NF-KB Wazaziinis

e, ? 1 . ' . .
uanseonunTun1EAil inflammation Tnewuin IEX- 1/~ mice ¥wan hepatic inflammation
. . g & = o q v
WAz hepatic steatosis [8] 9INNNsANWIATITWUNSUERIODNTIANEITY IER3 Liialw DMP Tu
o3 W = = o v e : 1 oS .
NN lwzvn 10 mezke Fsilanudululanmgnuiousuuitenaasiigns anti-
. . o o o fw
inflammation MUAMUENNUSNUNTSILEAIDDNTDY IER3
Nuan1Iaaoedeaiulennnng  hyperlipidernia Sinavinld mROS L RuTUE
L2 o L CJ ! o/
duiusiunsianioanyes IER3 989 VSMC Uay hepatocyte Mimouauasiananeiulunis
AIUAN inflammation and ROS homeostasis Fan15fnwinell wananaliiiivinregniou
v o . . , & . . .
BUWY UIRLUND anti - arteriosclerosis luvaeonldon waz anti -steatosis WUKaIIN anti-
. . da £ . o ) 1% B
inflammation MinUuly aorta wag liver uazonvaziluiilasiuse Ingwmwizgnsluvun
M 9 (DMP w1 10 mgzkg ) anunsavinbiandnuaignnegane1svialy aorta wae liver 1@
Myve v o ° , ¢ ) . .
Tneflanudululafifesenfonisviaiues [ER3 protein Fsasiinalnfiiums signaling
pathway latusidusesihnisAnvidsdnaely
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o ¥ o w v
UNN 5 U99NNALASUBDLAUDLLUY

5.1 fodninlun15vinide

1. msanwadai] finnsld orean v orean dwSumsiinvnnnda 1 Tassnsges Favililsl
ilgane 1Wu aorta Fesuduazdedlduiinmes aorta mnnduinedeifuyianieatiuly
n15Ane histology

2. myvhaAdesauiumsinumuiusesudu q waghiffuiiderasdiuteyina

faufufuififinisssuinves covip 19 FsliiBaronisienlidnadonum i

IR

3. uuszanildFunisatuayuldiiieme Wesndnisufusimansiailunisne
immunohistochemistry Fsviliilsiansnsavinsdnuildasuynedosmuiiimuntilulase

5.2 doLauaiuy
1. msezvhnsine ludnineaos Alvunelve Ty Wy wy rat 1usi Heiluitevinlovanse
1As9ms 31 organ dmTurnsANYITINAUBENNIND
2. Asiinnsfnen marker Mduanvgean1siUdounlamaganieinim iy mROS waz
marker 994 signaling pathway 1949 IER3 Aeadoeiu inflammation 19y NF-KB pathway e
vilRaro i lafeaifunalnussnseengvisvosgnimiaueuussluiBednlfunnd sty
3. mahmsEnwgrdvesdulszneuiidiyanansatingnuioulnnsaiiovilidale
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Togusvesd Renssu (Aissylimudayayn) Ranssuiididumsede
wefnwUssavEnm Adunsmungudwivnasamaassiironualy Tnedosdahminuas Alununuingussasd
vosgrwiouounidie | wduuenslidninaasmniumunduseluil wazfanssufinaunuly
MsAsuLYAY ngil 1 Control (C) group: nuAuAY lasuemswydnd (Fflunslaglaseinisdos
ANYEN1NganY nguil 2 High fat (HF) group: naufigndnthlannmzlufilu 71)

Anm vesiila
(heart) Biapaldon
waslvig) (aorta) uae
#u (liver)
WazNISUERID8N
04 IER3 luifloifle
Wla (heart) viaon
Honundlvg) (aorta)
wagAu (liver) o9
yile¥uemng
Tasiuge

\ondnundlagldiuemsluiuge

ndufl 3 HF+MULL0: nguilgnimlianlusiludonfinunilog
iSvemslasiugeuaslifugnmiousuusis 10 me/kg BW

ngudl 4 HF+Mul100: nquigndmilsifnluiuludesfinunilng
Wsvemslufuguarlifugnmisusuusis 100 me/kg BW

ngudl 5 HF+Mul300: nquiigninthliialuhludesiaundlag
I¥Suemnslautugeuas|iSugnmiousuuss 300 me/ke BW

neait 6 HF+ATVS: nduilgninihAalushiludonfnunilnglisy
ownsluiugauagli¥uen atorvastatin 5 mg/ke BW

s 4 1 o Ve af 2/ 2/ I
dninnanawiazineglasuanswarevnsmussassoatnamusiy
FLYLLIAT 3 LFou

nuewmeg: desldaduiiumsinnni 3 Weuwsieernuny
d e/ 4 e ! g d o/ 1]
wieariuie treat dadnnaowsayi Wosnauiufedimaen
1Y) v o : =
wonuasidionldiuay 2 FullowaSeRumavnses (Hewd 1-8)

Wiusagrmaendon e uaziu
e
(1fouh 5 - 9)

Aliunumuingusyasa
= d 1 4
wazfanssunaunuly

b, o o = o
n’ﬁ’mﬂ')iL‘Uﬂ&l‘uLLUa\‘laﬂanWNR}aﬂ’]FJ’Jﬂ’lﬂ oS R1)
(heart) naonideauadlng (aorta) wagsu (liver)
(Houf 9-12)

Aflurumainguszasd
=\ A v
wazRINTURaURUL

M3IANTTUARNIDBNYDY IER3 9041318 (heart) viaamidonung
gy (aorta) wagiu (liver)
(iFeutt 13-18)

sfluaumainguseasd
- A v
wazfanssuiaunuly
dmsunsmseialu
aorta uagdiu usldause
o LY o d
AT Tnluialale Wieewan
of ey &/ 4' 1
JUsunanilateluiNeans
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o a Y a = ' vas e v
\Paud Ranssuwan Aanssuses wafinndnaglasu Hanlasy
= ' soa - Y v <o
6 Woul | Anwindudnineass | Anwvingudninanes fnugns Ienanufiiavuall
¥ ] i ) d
1 IGHRGERIN ngu teguds | wasuwUaamneganig T
doivemadludiuan | daveasdludnnu | Inavaenifonuns
é o ' é o ' ) '
n AS4UIN (6 Fsie n ASUsN (6 fawe | vy veanymnngulu
nas) feng QL) A3 U N ATIUIN (6
4 o A o N § 4 o
WaguwUasanue Wavuwdasanway | 51 ABNGN) 18991UIU
yaganeine vea | meganeimenes | dniveaesitlivionun
Wla (heart) aon vaondonunslng)
donundlneg (aorta) p—— - o T ”
- Anvingudnineaes | dnvarnis lenamamivunld
wazay (liver) ) , o v e
_ RIGHRGEIRYS wWasuwaanegame | udldsgeziianandd
warNThandonnuee | | : \ Gy . )
o dnimasedludniny | Gniavesidlavemy | ndanaunull
IER3 Tuilsidorals . o =\ . E
4 n ASWsn (6 dwe | wanguludnnun
(heart) viaaniaan L N 1 AW\,
. neY) fion1s ATAUIN (6 ¥ slang)
unalug) (aorta) uag Y 4 : . S0 \%
w /i a wasuwlasanuay | U9991UUENINAG0Y
s1U (liver) UBvUn " y &
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e
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dnivaasdudnnu | fu wasidleveaynn | Wildnansnaaes
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Wasuuasdnme
VNYaMeinIa veq
Wla (heart) viaen
Hoaunslng) (aorta)
wagsu (liver)
UBNITUENIDBNUDY
IER3 luifeiferla
(heart) naoniden
unslvigy (aorta) uay
#u (liver) vaamyft
lesuomsluduge
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Ty uavil R25628087

w o
sne9uatuanysal lassnistesi 4.

Qs 1 i e/ o) L% A
Fonwlne navesasanngnuieuseseduluiuludunasnsuanseanvesdudn
Q‘ 174 U L o d 14y L g
werdestuluiulufuremyiiliuemsleduuasinags
%ammé’anqw Effects of dried mulberry powder on lipid profile and lipid gene
expression in liver of mice fed with high fat and high sugar diet
viamlasenis HeLNSUNg 4ans
o o aw =~
FYSLIAWINIIRY 14
UNANELD

amzviaemiFenunsuds (atherosclerosis) iulsadiflgURnnsnin1sdeTimbusususus
yo4lan LLameuﬂuumumeawu'lu‘wnﬂ Fanzviaenidoaunaiddunsasnwlalaenig
Sudsgmusilundguanniu uindtoadendndelinadrsfvinazdananssnudednenie
m’iﬁnmﬂ%u’aﬁﬁ%mﬂivaaﬁﬁaﬁnmqw‘émm Hegnvson (Morus alba L.) 9uwis (dried
mulberry powder) mmumulwu‘l,umwawuwlmummﬂ‘umum Tnovuvnansiiliae ‘Vtuluﬂ
C57BL/6 wedle 01y 8 §Uat autanyponidu nauvyRURY ndumMyvasniFonunmdeiign
mumu'ﬂma”lumamaamaammaLL‘uaTﬂanwﬂwmmsﬁl‘uwmLUunm 3 1Fowu Fawsoondu
nqueos 4 naumu nawwaamLaamLLmmelmumianmaﬂmau 10 me/kg NEUNYVADN
LaammqLwammuaﬁanmaﬂmau 100 mg/kg ﬂawwaamaammqLme’Lmumianmanmau
300 mg/kg LLavﬂawwaamLaamml,mwlmum Atorvastatin 5 me/ke aniaERARRIINGY
M3BUD9 Folch method WagAiasigimusuias total cholesterol, triglyceride, HDL wag LDL
IWEJW’ZMVMMJU liquicolor® (Standbio, USA) Tnaa1dgnannas enzymatic colorimetric
method Hafiiias e ildde msaﬁ’manmauﬁmmﬁuﬁu 10 mg/ke @101308058 vﬁ’*u Total
Cholesterol (TC) ua LDL l¢fflgn wazanusnanseiu Triglyceride (TG) létha wadiddty
AoaunIaiiusedu HOL ik 3 mudidufe 10, 100 wag 300 me/kg mmvﬁmmwlums
anseAu TC, TG Selaifleuniniuen Atorvastatin ususzansawlunisifiusesu HOL Tufnn
01 Atorvastatin fiviuFeaqulédn msafmgnileuaunsnanszsiu Total cholesterol wag LDL
Tusule

o o o/ 1 i o e A Q’ o L% b
ArdnAgy: malew gnuslou luduludiv nisuansesnvesBuiiendasiuluiiludy

Y
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Abstract

Atherosclerosis is disease that causes the highest incidence of death worldwide
which tends to increase every year. Atherosclerosis can be treated by medication in the
statin group; however, the drug has many side effects to the body. The objective of this
study was to investigate the effect of dried mulberry powder (Morus alba L.) on liver lipid
profile levels of mice fed with high fat (HF) diets. Mice (Mus musculus) strain C57BL/6, 8
weeks old, female, were used as a model in this study. They were divided into the control
group (n = 5) and the group that were induced to arteriosclerosis by feeding with HF/HS
diet for 3 months (n=20). The latter were divided into four subgroups: the atherosclerosis
(n=5), the atherosclerosis group receiving 10 meg/kg mulberry extract (n=5), 100 mg/kg
mulberry extract (n=5), 300 mg/kg mulberry extract (n=5), and the atherosclerosis group
receiving 5 mg/ke atorvastatin (n=>5). Lipids were extracted from liver by Folch method
and were determined for the amounts of Total cholesterol (TC), Triglyceride (TG), HDL,
and LDL using the liquicolor® test kit (Standbio, USA) by enzymatic-colorimetric method.
The result showed that dried mulberry powder at concentrations of 10 mg/kg can reduce
Total cholesterol (TC) level and LDL level effectively while lower Triglyceride level
slightly. More interestingly, dried mulberry powder at 10, 100, and 300 mg/kg doses can
increase liver HDL level effectively. The efficacy of mulberry for lowering liver TC and TG
level was not equal to those of Atorvastatin; however, its efficacy for increasing liver HDL
was better than that of Atorvastatin. In conclusion, dried mulberry powder at 10 mg/Ke

can lower liver Total cholesterol and LDL.

Keywords Morus alba, mulberry fruit, liver lipid profile, lipid gene expression in liver
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Uy 1 unun

a/

1. fluazaudfey

amneluiuludentinund (dystipidemia) iutladeidssddgydivilfiinlsassuuilae
Suvaenalion (cardiovascular diseases; CVDs) 1u 1saa31udulafings (hypertension)
Tsavilavimden (ischemia) Tsanapnidonasos (cerebrovascular disease) Bailaiinduudn
WumstWiuiaefiesléfunisguastieelilos wasindedlsdfueuiotnunaontin dewase
AN MFinvesitas waznoliAnmseedimuieiunsdnymenuiauasnsguagtae! 91
TeUvesasAnIseutelan (WHO) Tsalungu CVDs wu Tsawalawnaiden (ischemic heart
disease) Wz lsAviaeaidonas (cerebrovascular disease/ stroke) tuanwanismigsusu
wilwesUszvnslanilumandaasmes wasiuualiufiuduan 17.1 S Tud ae.
2004 v 23.4 dualul ae. 2030 lnsluusanalvneiiitodedinsaelsalungy CVDs guils
40,000 Ausied vioRmlutlasay 5 au (NSeMTI9a1T04Y, 2550)

amluiuludongsuas Ahmaluudongs Sadedgmmuandnvatsetng 099 113
Sniauvemasadondsinlsivaonidenunauds (atherosclerosis) nsazaulusiuanmiAululy
\BAdHY (steatosis) 150 non-alcoholic fatty liver disease 59u37sl5A metabolic syndromes
Bu 9 1u 5w (obesity) uazlu1va1u (diabetes mellitus)® n15U5laaa stz ay
awnsean ussin Yesduanuiauni vinlseseaulafuludensglussiuimngan fe &
S8RV total cholesterol (TQ), triglyceride (TG), hae low-density lipoprotein cholesterol
(LDL-C) &1 wazdsysv high-density lipoprotein cholesterol (HDL-C) g4 @15afimainiey
(phytochemicals) fivinanlaneadalsiun Avlunsznaiuad (beries) (u gnwslou nssdians
ngY anthocyanins Miaeannziniuniliinannniseendiadu (oxidative stress) Jetredesiu
ayyadasy (antioxidant protection)* Suiluyawmavesnisiialsasing o Pdudymiddves
gunwludagiu

TumAdvilfiarmaulelunisfnvmavesansadagnusley duduasadafidiung
nagoumUsunueulnleeiiu (total monomeric anthocyanin content) mswmaaqu‘ééﬁu
DULADHTE (DPPH, FRAP assay) mwmaaquéﬁmmiﬁaé’mau (anti-inflammatory cytokines)
u,azqwéﬁwmsLmzﬂﬁimﬁummmémﬁ@m (anti-platelet aggregation) Tufosdunugr anwa
msnmseailoaulnsaniiiifeineimaniussmalulabuisUssmelng (22) wuhnsaiagn
miiouflszduveauoulnleeriuiigenasdqnifiunisdniay (anti-nflammation activity)
pzfiveianunuiniferesenlnsaziansatngnusloulunaaeugnimandyivelu
dninnassiignndeniliiinnnizatherosclerosis waw dyslipidemia 91nn15ld3UeIMid
i (High fat diet; HF) Lﬁa@wamaqmiaﬁﬂum'samsﬁuhﬁu‘luﬁ’mmzwaﬁam‘iLLamaanmm

1
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awnsitetesiunisifialsalungu CVDs seld
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o < L) 1 i . . . o 2/ o) Qs
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Umnags
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o . ag
UNN 2 I5A15N9aD9

2.1 MIwssussaingnusiou

arsafnangnmieuiil anthocyanin g9 wisulnodioinduuaznanfasisssuma
gouATeImemans uasimeluladwiUszdlne (21.) Tnoduansataverutumies semi-
solid) Insinsvuansaialaeldarsazarsioniuea auguannnlagdiasigiusun
anthocyanin Iag HPLC

2.2 dnineany

dninaaeiilifio wy C578L/6 01y 8 dUa W inendle Mnuisluysy myhamuann
sgniudesediafos 1 Aanitountsnanes w anudninasenilenis3de uurine s
wiseas egluiosiinrunugamgll Usinoias wazenu@udinivg aufineanudninaasaile
Ay unAnerdeuisenidimun lasinisid I85veutAnisiiseludainaasssin
AMNTIUNTSITTONUTIUNISITART InTInendouisens vanolay NU-AE591026

et ¢

1 P ow &
dnIvnaasavgniuatu 5 ngunsil

1 control () group : nguaauAx IfFusmnsnyUniuarldunistewmindy

2 atherosclerosis (A) group : ngufigniniliAnnneviaendenuduarlaty
mstlouiindu

ngul 3 A+asanngnvieuIuIn 10 me/ke BW: nzjuﬁgn‘i’fnﬁﬂﬁ&ﬁmmawaaﬂlﬁam
uwdanagliisunistiouansaingnmlouvuin 10 me/kg BW

n§uil 4 A+ensafagnyiousunn 100 me/ke BW: nauiigndniilifiAnamenasniden
wdawarlidunsteussatngniaiouuin 100 me/ke BW

neul 5 Asansadgrvalouunn 300 me/ke BW: nauiigninihliifnamevaeniden
LL‘E‘NLLaxié'%’Umiﬂaumsaﬁmgﬂwﬂammﬂ 300 mg/ke BW

Ngui 6 A+en atorvastatin 919 5 me/ke BW: naufigninunliiiangnaeniden

wagldsunisteusnanluduludende atorvastatin auia 5 mg/ke BW
dninnaesarlasumsuazemsmusvazidsatnesnuluseesiian 3 Wou uaz

ng

v
qui

1o
qui

gninseiunglraludenisnouwasndsduansveyannm nntuFagnilsineethsmuuay
\usegsuiienunmszeiulasty (lipid profile) uag gene expression MAuITasTumLNUe
duvedluulusiu

2.3 M3dnnanaINGy

vmsanndfinanfiumadsues Folch method Taedindnnisnsnigie thsuududa (10
mg) inunlviaziBenuazdneunld test tube LAY 600 ul chloroform/methanol (2:1, vAv) wag
o L= < =y ol.ll o w 1 ey o
UnlUleludludf 65000 rpm 10 Junit Mntuiwregsluleussiada 14,000 rpm Wanan 10
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W wﬁamﬂﬁwjum‘%%éué’a@mmu organic layer 300 ul 1ldlu tube Tvaiuay vacuum-dried
e 20 il ajwidnaRaursilduaztunaratslu 200 ul 989 1X reaction buffer (5x
reaction buffer: 0.5 M potassium phosphate, pH 7.4, 0.25 M NaCl, 25 mM cholic acid, 0.5%

Triton X-100) dw¥uyanaaoy liquicolor® (Standbio, USA) iiteldlunsiiasievinausunm
triglyceride way cholesterol, HDL-C wag LDL-C Tudunausall

2.4 nnUINae triglyceride, total cholesterol, HDL-C wag LDL-C Tusu

USuna triglyceride (TG) Tudiuaggninlagis enzymatic-colorimetric lngldyannsou
TRIGLYCERIDES liquicolor® Mo (Standbio, USA), U3u1a Total cholesterol (TC), HDL-C 3ﬂ
Tneldyanagou CHOLESTEROL liquicolor®™ wag HDL CHOLESTEROL liquicolor® miudaéu
(Standbio, USA) a3l protocol ﬁag‘tu@ﬁamaw‘%@’w USinad LDL-C 9¢gne1uInengms LDL =
TC -[(TG/5) + HDL]

2.5 n98An total RNA N15§aATIZ cDNA Lagn1531ASIEA gene expression ANFU

WiefnwnsiUAsuLUaIwes gene expression iileadosiumunueaduvasleshilusu
Fasuaeniduiuvun 0.1-0.2 g wazlaludludlnely BioMasher single use homogenizer
(Omni International) @ total RNA 9 ndulagly RNeasy Mini Kit (Qiagen) I Superscript il
First-Strand Synthesis System (Invitrogen, Life Technology) L9 reverse transcribe ?1) ug
total RNA 19181 complementary DNA i1 quantitative-real-time-PCR Tngl438a09 SYBR

green ANy protocol U4 sYBR® Green PCR Master Mix ﬁ]’lﬂU%ﬁﬂﬂwam (Applied Biosystgms,
Life Technology) ERITEOR LightCycler96 (Roche) gPCR primers oonuuulaely Primer3.0
&a¥oan Integrated DNA Technologies; IDT beiun8u 3-hydroxy-3-methyl-glutaryl-
coenzyme A reductase (HMG-CoA reductase), sterol regulatory element binding protein-
1c (SREBP-1c), AMP-activated protein kinase (AMPK), lipoprotein receptor (LDL-R),
carnitine palmitoyltransferase-1A (CPT-1A), peroxisomal proliferator-activated receptor
gamma (PPAR ¥), CCAAT enhancer binding protein-a, (C/EBPa), acyl-CoAoxidase (ACO1),
acetyl-CoA carboxylase 1 (ACC1), fatty acis synthase (FAS), lipoprotein lipase (LPL), k&
Immediate early response 3 (IER3) lawil B-actin primers W housekeeping gene Tu 20 ul
reaction  AN5AIVANAMAIMYBINIIY gPCR Tasfing validate gPCR efficiency ¥o9 gPCR
primers Ynfnauld n15vi standard curve Tuynnsmeees uagnsI980U peak o9 melting

o ¢ os 1 o . . = =~ o ey ey
curve MFiATIwRAIRENILTY triplicates nsiUasunlaIn1siansoonvesdumuIndaeldis
Z-AACt
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2.6 NMSIATILINEDA

M33nA1 lipid profile way Ct value 91nN15¥ gPCR B ImyLAaL LN 929
& L. Y et W ad o w a ¢ o 1
\Uu triplicates umfaldrnadodmivnistinseilSeudiouluusas treatment group A

'3

] & ! :J L 78R} -3 aa [ 174
untelievesrnadouandlaglien meantSEM misimsevimnsadifnsevinlagld program

o o

RStudio (Boston, USA) msiasngvianuunnssegnsiiduddymeainldds one-way ANOVA

AL post hoc test muANIIWIYaY Tieiituagfiudnunzuazdwau a p value <0.05
flodndmnuuananeiu
pg Iy A9
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o
UMY 3 NANITNAADY

3.1 NMSANAANARINAY

Folch method {u3smsifisunniigalunisatinafinaindaesnanadanin (biological
samples) F5illdnaslsosu/wsuea (Chloroform/Methanol) ieafinuenansiiavantlugrin
azaglililth Wy raslsweduuazansTiavaneluswharansiidn Wy wsueassnaInf Nt
damedunaelsnesuandnadag 0.9% Nacl ieridnansildleafnoen wazihaRalussive
raslswosueanmeailulnsiay (nitrogen purge) waw vacuum drier 3al4 total lipid 910
ﬁuﬁuﬁaam@ejﬁ’u%waam 9ntBe reconstitute aRaiateldlagldansazany 2% Triton X-
100 wdr¥ u AT i n1USu I Total cholesterol, Triglyceride, HDL wag LDL

 nqwhed dnwagiwy
dimnvyngu fidnuomhiluiudunifinegiiimasn
Control
BHEORIVATIH] Hanvadiuluiudunuiinamnnniings Control Anagitdng
HF naon

fMn NG AsudvivTINMaeaInIINgy HF

HF + Mul 10
GIGERIGIGH asudumdUIINanas

HF + Mul 100
AARInvYNGu ATIUATTINUTI GRS

HF + Mul 300
ffinanryngy AAYIIYIINMaAad

HF + ATV 5

ld o/ @ '2‘ o v U J !
f197199 1 anwmwaﬂwumnﬂlmmnmwawwﬂamnqum\‘i 9
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3.2 Usuas Total cholesterol

a e t:l N [l N ] L) L)
afa7N reconstitute agTu 2% Triton X-100 gnUIUITLATIERNIUTUINM Total

cholesterol Tngldyanagou CHOLESTEROL liquicolor® mu instruction weafnan Usual
ey d LY Ve 1 '6’ L . 2/ o ¥
afndanalsAniieunedmin tissue 50 mg waylanaoonudall

200- ] Control
E HF
f 150- ¥ B HF+Mull0
g - 3 * ok HF+Mul100
% c 100 : o HF+Mul300
2 g" ' KX HF +ATV5
_ﬁ N’
- 50
h -
L
-

0"'""" T T T 1 I

- *P<0.05, *¥P<0.01, ***P<0.001 compared with control

U 1 USau Liver Total Cholesterol (TC) fiaifaldanduvoamynaaoangus |

wylungu Control (n = 6) WWumyfl#FFuemsunfuagldsunistlowiindu fersedu Total
cholesterol (TC) lusfuivinfy 31.31 me/dL seriamiingu 50 mg Tuwme i wylunguillésy
owslufugs (n = 6) Hwiu TC vegetuogaiiifodndeyil <0001 18U 1203 my/dL derimiin
U 50 mg viderfinu 3.84 11 (284%) daumyitldsuemslusiugansldsu dried mulberry
powder USnad 10 me/kg body weight (n = 6) flsyéiu TC anasuniiu 95.28 me/dL wioanas
YNy HF Wudiuan 20.79% daumilunguitldfuemslusiugauslésy dried mulberry
powder Usunandinduidu 100 uaw 300 mekg body weight (n = 6 %u’aaaaﬂa:u) fiszau TC
anasanuylungy HF Anidu 8.14% uay 3.28%m ey (110.5 uay 124.25 mg/dL) uslaiun
Lﬁwﬁuwgiunduﬁlﬁiu dried mulberry powder 10 mg/kg 81 Atorvastatin \uenilléansediu
cholesterol Tuidien gnldiliu positive control dwfun1snaaes lag dose ‘ﬁl’t’fﬁ’umg mouse
Ao 5 me/Kg body weight WU ansnsaansesu TC asntaillu 89.71 mg/dL (n =6) 3vanas
91nuylungu HF Ay 25.42 % FefuminuFeufioudssansninees dried mulberry
powder 71 10 mg/kg fuen Atorvastatin wui1 UsedvSawlunisansedu TC Tuduanivuwh
U 20.79% uag 25.42% MUFWIY
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3.3 Y3uau Triglyceride

Afinf reconstitute @glu 2% Triton X-100 gnuru13tAsIEinIUTUIM Total

cholesterol Tneldynnnaoyu TRIGLYCERIDES Uquicolor® M @ instruction YBIHWAN
= a s r:l o/ ey =y | 'ol o/ . 2 2 t:’ll
USunndfinnadalanniiisusetimin tissue 50 mg wasldnaoaningadl

— 250+ Control

% % HF

o 200 E3 HF+Mull0

2~ HF-+Mul100
é é ﬁ = # HF+Mul300
o B BX HF +ATVS

E -

5

2

*P<0.05 compared with control

| =) . v . 4 LY i3 o t 1
5UN 2 USuneu Liver Triglyceride (TG) nanalfnduvemyneaeInguna 9

wylunga Control (n = 6) Felisuamisuniuazldsunstiomingy fersedu Trglyceride
(TG) wirffu 113.16 me/dL ey 50 mg Tuvasd glunguiilésusmslasiugs (n = 6)
ey TG vty 149.4 me/dL dethmingy 50 me wietitniu 329 dumyildzuemns
Tudfugauslasy dried mulberry powder Ui 10 mg/kg uae 100 me/Kg body weight (n =
6 ﬁaaaﬁndm) fiseAu TG anasundu 143.55 me/dL way 143.58 me/dL muadsu wioanan
MAmyngn HF Wudtua 4.07% uag 4.05% mudiy daumylunguilléduemislusiugaus
193U dried mulberry powder 300 mg/kg body weight (n = 6) iUSun TG Wiudwdu 185
me/dL ﬁm%’uwgﬁlﬁ%’um Atorvastatin 5 mg/Kg body weight §aldifiu positive control &
58U TG anawniiu 94.27 me/dL (n =6) vieanasanwylungu HF Anufu 58.48 % sethudle
AANKANTTNAADY dried mulberry powderﬁ 10 mg/kg way 100 me/kg a@nunsnanseiu TG
asldl 4.07% waz 4.05% mudduidlewfioutiundgu HF wagen Atorvastatin @wnsnansedu TG
lustuaslel 58.48% awdannlédn Usina triglyceride vesmylunguHigh Fat (HF) Sergendimy
Tungu Control laimnnwinfuA1ves Total Cholesterol
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3.4 Usuad HDL

aa o . 1 . o o a
AfAN reconstitute 8¢lu 2% Triton X-100 gnunu1diasigviniUIuan Total

cholesterol I@UI‘B"‘QWVM&@U HDL CHOLESTEROL liquicolor® MU instruction ?Jax‘wgmam
a o o M ya oo R o \ 1Y o &
Yinanandaladnfisusetmin tissue 50 mg wagldnaoaninfall

= 190 3 Control

Eﬂ £ X HF

=~ 100- T T & HF+Mul10

% o HF-+Mul100
£ T 3 HF+Mul300
8 s0- - B HF +ATV5

. -

2 o

el I 2 : :3:I?:3: / .

*P<0.05 compared with control

o = - o o o o ¢ 1
3U% 3 Y3unau Liver HDL 7iafinlsanduresnyvnaeengusng

Y

wylungy Control (n = 6) Balisuemsuniuarldsunistoungu fdrsefu HOL wiriy
10.12 mg/dL sevmingu 50 mg Tuvaued m’lunauﬂﬂwmmﬂwum (n = 6) d536U TG
mewuwu 47.93 meg/dL stothingu 50 mg viouiuTu 373.61% mwuﬁlmumms‘lwu
aqu,mlmu dried mulberry powder Usunas 10 me/ke wag 100 mg/Kg body weight (n = 6 1/1\‘1
doangu) fiszeu HDL meawumamﬂu 67.48 mg/dL Way 68 66 me/dL Mua1RY waeLfinTy
YNy HF Andu 40.78% uay 43.25% nudisy mmwmumﬂwuﬂau Control Amiu
566.79% Wy 578.45% miuanveau mﬂmqwlmumms’lwuqqLmlm*u dried mulberry
powder 300 mg/kg body weight (n = 6) JUSunes HDL amawwnwgmaﬁ'uﬁlﬁ%’u dried mulberry
powder Y3u1as 10 wag 100 me/ke body weight 1nde 54.68 mg/dL LLGﬂ'Lﬁ;J‘TTummdm
Control Amiu 440.31% amswuwlmum Atorvastatin 5 mg/Kg body weight mLUunau
positive control di5¥au HDL L‘WQJ‘U‘NLUU 40.18 meg/dL (n 6) 1)13@wauumﬂuu’luﬂau Control
Amdu 297.03% muuasﬁlmw dried mulberry powder 7l 10 uae 100 meg/kg mm'mwu
5¥AU HDL ?Julm 566.79% Way 578.45% @ dried mulberry powder 71 300 mg/ke \ses
HOL 3l 440.31% audsuilewfisuiungs Control luwauziln Atorvastatin anunsauis
sesfu HOL Tudfutuldl 297.03%
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3.5 Y3u1a4 LDL

=y L2 [} o 1 % Ty Qj

Usinal LDL Tusedne anunsarwiailaain Y3uned LOL = TC —[(TG/5) + HDL] e
) o o Yy | ¥ Y] . o
Ysunafisnunnlapnifisuredwin tissue 50 mg wazlanasenuinadl

% 150 [J Control

EO 100+ -

ot E3 HF+Mull0

% : HF+Mul100
2 s0{ 1 f /I HF-+Mul300
5 0 : rII % X HF +ATVS

5 /el T S

=

=~ 504

=] < o o o 2/ os 1 ]
JUN 4 USana Liver LDL nafinladainsiuvesnymaaeangusing o

1 o

wylungu Control (n = 6) FaldFuemsuniuagldunistlouindy fdrsgdu LOL i
41.50 mg/dL feriwiingy 50 mg Tuvnisdl wylunduilldsuenmslusiugs (n = 6) fiszdfu LOL
Lﬂ'ugﬁwﬂu 73.15 me/dL stevmingiu 50 mg Wiauiudu 76.26% ﬁauwgﬁlﬁ%mmﬂmﬁu
QﬁLWﬂﬁ%’U dried mulberry powder U3una 10, 100 k8¢ 300 me/Kg body weight (n = 6 "
aungu) dauilszdu LU anauilefisuiungy HF Aaudu 100%, 72.65% uay 28.48%
iy vieAndu 100%, 51.80% uay 8.43% suduilelfisuiundy Control usmyngs
l#3U dried mulberry powder U3anas 300 me/Ke body weight fi5zu LDL majvm‘i]'mﬂfju

Control Wagdla1 LDL IﬂﬁLﬁaaﬁUMgﬂduﬁlﬁ§Uaﬁ Atorvastatin 5 mg/Kg body weight

dauwy‘ﬁlé’%m Atorvastatin 5 mg/Kg body weight Js¢siu LDL asaaunidu 45 me/dL (n =6)
FatlelndiAvsiumylungy Control Wisanasannuylungs HF Andu 28% etuagulif
dried mulberry powderﬁ 10, 100 uag 300 me/ke enunsnansysiu LDL asle 100%, 72.65%
waz 28.48% audwduiileiisuiungu HF susidndlndngu Control uagnguitlésuen
Atorvastatin
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3.6 N158NA total RNA n1584A129 cDNA Uaznn5IATIZH gene expression AMNAU

fRYuldvanuuy RT-PCR primers dwiuliasgsinisuansoanvesdudiui 11 gu g

Y a aw o & o . ) 1%

979899Mn91358dU ntuTaily Primer Blast fudlunues Mus musculus Uugdoyaues
1 Yo @ YY) . o o

NCBI wui1 100% matched uaglamifiunisdidaunsigst RT-PCR primers Aauandlumisiad 2

i 1 oY ¥ e @ o/ 14 | idu ¥ o o @ e 1
wiagalshlagAnisddeliwiiieudil Lildanliunmsiduste

997 2 Primer sequences used for RT-PCR

o

reductase (1)

ATGT

GAACA

o
71U Gene Forward primer (5’- | Reverse primer (5’- | Product NCBI
length Reference
3’) 3') s
Sequence
1 HMG-CoA CAGGATGCAGCACAGA | CTTTGCATGCTCCTT 190 NM_008255.2

Mus musculus 3-hydroxy-3-methylelutaryl-Coenzyme A reductase

(Hmager), transcript variant 1, mRNA

HMG-CoA

reductase (2)

GTTCTTTCCGTGCTG
TGTTCTGGA

CTGATATCTTTAGTGC
AGAGTGTGGCAC

461

NM_008255.2

Mus musculus 3-hydroxy-3-methylelutaryl-Coenzyme A reductase

(Hmear), transcript variant 1, mRNA

2 FAS (1) TGATGTGGAACACAG GGCTGTGGTGACTCTT 120 NM_007988.3
CAAGG AGTGATAA
Mus musculus fatty acid synthase (Fasn), mRNA
FAS (2) AGAGATCCCGAGACG | GCCTGGTAGGCATTICT 158 NM_007988.3
CTTICT GTAGT

Mus musculus fatty acid synthase (Fasn), mRNA
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aeudt Gene Forward primer (5'- | Reverse primer | Product NCBI
3) (5-3) length Reference
Sequence
SREBP-1¢(1) | GCCGGCGCCATGGACG | CAGGAAGGCTTCC 264 NM 011480.4
AGCTGGCC AGAGAGGAGGC

Mus musculus sterol regulatory element binding transcription factor 1
(Srebf1), transcript variant 1, mRNA

SREBP-1c(2)

AGGCCATCGACTACAT
CCG

TCCATAGACACAT
CTGTGCCTC

148

NM_011480.4

Mus musculus sterol regulatory element binding transcription factor 1
(Srebf1}, transcript variant 1, mRNA

LPL(1) CAGAGTTTGACCGCCT | AATTTGCTTTCGA 77 NM_008509.2
TCC TGTCTGAGAA
Mus musculus lipoprotein lipase (Lpl), mRNA

LPL(2) CCAATGGAGGCACTTT | CCACGTCTCCGAG 81 NM_008509.2
CCA TCCTCTCT
Mus musculus lipoprotein lipase (Lpl), mRNA

PPARQ (1) TCGGCGAACTATTCGG | GCACTTGTGAAAA 106 NM 011144.6
TG CGGCAGT
Mus musculus peroxisome proliferator activated receptor alpha
(Ppara), transcript variant 1, mRNA

PPARQL (2) ACTACGGAGTTCACGC | TTGTCGTACACCA 76 NM 011144.6
ATGTG GCTTCAGC

Mus musculus peroxisome proliferator activated receptor alpha

(Ppara), transcript variant 1, mRNA
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Gene Forward primer (5'- Reverse primer | Product NCBI
3 ' (5°-3°) length Reference
Sequence
LDL-R(1) CTCCTGCATTCACGGT | CCCACTGTGACAC 124 NM_010700.3
AGCC TTGAACTTG
Mus musculus low density lipoprotein receptor (Ldlr), transcript variant
1, mRNA
LDL-R(2) ACCTGCCGACCTGATG | GCAGTCATGTTCA 81 NM_010700.3
AATTC CGGTCACA
Mus musculus low density lipoprotein receptor (Ldlr), transcript variant
1, mRNA
CPT-1A(1) CTATGCGCTACTCGCT | GGC CGACCCG 124 NM_013495.2
GAAGG AGAAGA
Mus musculus carnitine palmitoyltransferase 1a, liver (Cptla), mRNA
CPT-1A(2) CTCAAGATGGCAGAGG | GGGGAAC 174 NM_013495.2
CTCA ACACCAGTGATGA
Mus musculus camitine palmitoyltransferase 1a, liver (Cptla), mRNA
ACC(1) GTCCCCAGGGATGAAC | GCCATGCTCAACC 132 NM 133360.2
CAATA AAAGTAGC
Mus musculus acetyl-Coenzyme A carboxylase alpha (Acaca), mRNA
ACC(2) AATGAACGTGCAATCC | ACTCCACATTTGC 136 NM_133360.2
GATTTG GTAATTGTTG
Mus musculus acetyl-Coenzyme A carboxylase alpha (Acaca), mRNA
C/EBPOL(1) GTTAGCCATGTGGTAG | CCCAGCCGTTAGT 353 NM 00128751
GAGACA GAAGAGT 4.1

Mus musculus CCAAT/enhancer binding protein (C/EBP), alpha (Cebpa),

transcript variant 1, mRNA
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C/EBPoL(2) AAACAACGCAACGTGG | TGTCCAGTTCACG 100 NM_00128751
AGAC GCTCAG 4.1
Mus musculus CCAAT/enhancer binding protein (C/EBP), alpha (Cebpa),
transcript variant 1, mRNA
10 ACO1(1) CAGGAAGAGCAAGGAA | CCTTTCTGGCTGA 189 NM 015729.3
GTGG TCCCATA
Mus musculus acyl-Coenzyme A oxidase 1, palmitoyl (Acox1),
transcript variant 1, mRNA
ACO1(2) CAGCAAAAGCCACAAA | AGTTCCAGAGAGT 279 NM 015729.3
GACG TCCACAC
Mus musculus acyl-Coenzyme A oxidase 1, palmitoyl (Acox1),
transcript variant 1, mRNA
11 | 1ER3(1) ACTCCCAGCTTGGGGA | TACTAGGCGACCC 211 NM_133662.2
TTAG CAGACAG
Mus musculus immediate early response 3 (ler3), mRNA
IER3(2) TCTGGTCCCGAAATTT | ACACACCCTCTTC 226 NM 133662.2
TCAC AGCCATC

Mus musculus immediate early response 3 (ler3), mRNA
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Folch method 1¥138n157 classical uniganaiduifouunigalunisatndfinain
@ ! . . 1 o . et 1 LY <
ME19M19790 M (biological samples) lunmsneasswuin e homogenize Fogesiuuiunm
50 mg lunaelswesu/wsuea (2:1 vAv) MeteduiinnisudsfuazanunsagnuaaziBenlag
; o X 4 va o o o . T !
homogenizer loignTu \Wegidunaasaudgunily tapered tissue grinding pestles WUl
| ey v e ) . o § v o 9 v
pestles draunilsldazarvlunaslswesu Feldiudsunduunld homogenizer Favinlinsvinle
s Ko 9 Py do g v ¢ | o .
wadunnresldinaruiu wniiBnsiivhliwadunnegessings Tu 1.5 ml microfuge tubes
-4 N N ”/ o s a‘ @ R4 ©° 2 o
lne7 lipoproteins lusuillonadudatuieulsdiinannsuanwadléos svlrnisia
a . . o o . & o o =] 1 o &
USuna lipoproteins ALy lipid profiles Tuifiotdoduiianr1nuludiuindu

4.2 Usunad Total cholesterol

InguTl 1 wifudisedures Total cholesterol Tusuuasmyndu HF firgetundimyly
ngu Control g 19N 284% Fadutedosustin model yoanswilsniilimyiRnannydan
uazlufugalaeliomnsloiuluiugudunadia nanismnaesifidaonndoatufusesiu lpid
profile (Total Cholesterol, Triglyceride, HDL, LDL) luifoauay danvazn1e histology fdaiy
niaeAdennendafiiinnsnsIvaeudn AN histology 904 liver paraffin sections (eya
llshianuans Wusmiideveddasimsiiseso) wbiiulalddn driveaeslignmienilviin
anmgdnazlviiuludonguiunadnss Wenindensgnusiousuuts (dried mulberry
powder) Usunad 10 me/Ke 15mﬁfn€1’ﬁ'w1uf"fumﬂﬁmmﬂmﬁugawudﬁ Au150anTEAU Total
Cholesterol asunaulslndifiesfunyiivinsaoe) Atorvastatin 5 me/Kg 1miinga Yinldnsu
1 dose Adlun1sninde 10 me/ke ﬁ;ﬁwﬁnﬁmwsﬁmmmmsjauﬁqﬂ 91 dose 71 100 ua
300 10 mg/Kg laifelviiinnisanaawestSunn Total cholesterol lufiuwuy dose-dependent
manner §WIRUN9ELIINNgAnTIINISANE M YeIWY TildusilUSins cholesterol gty
waedinavihlyian triglyceride 6se, HDL Fnas wag LDL Wisu

4.3 Y3ueu triglyceride

i magnudoueuus Lidesudnsnuandilunisansefu triglyceride uaid
AauUAlun1san total cholesterol uag LDL 11AN77 Imaﬁmgﬂmauawﬁaﬁ dose 13, 100
waw 300 me/Kg Hmindaiimuanusalunisanseiu triglyceride Tugulsilaisnetu anfu 9
300 mg/Kg ilAngeasernsnnguBy q :nguil 2 limsuinnegnuaiousuuss Sualunis
anszey triglyceride TaivUng udlyl significant wazlumymaass model i ldldadenios
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hypertriglyceride lusu 58y hypertriglyceride lunyngu HF fadigeninlungy Control
Un

4.4 J3u194 HDL

leviminensgnimleusuusis nutmlunguitléi$uomns HF asissdu HOL wiudumn
na eniiulungugaviedldiu dose 300 me/Kg eilnansmaaesilanumsluyndtu fhirauls
#io seduves HOL Tunyndu Control #ldFusmusuniuagldfunisdoutindusunduiign
wilgnheeemns HF uaglssunsgnumieusuwisdrumnsefuegnann Smuneiensgnmiou
suwiilnmanAlunisifiusydu HoL MinazilliussTowiluBandusld dumapaiiin
vitly wyitgnindenililisuemns HE nduiisdu HOL figedu dhesifunaumainnisray
yooulesl Cholesteryl ester transfer protein (CETP) FohmriTuanudey cholesteryl ester
fiftegunnTu VLDL, DL, uaz LDL 118 HOL Feflnarilisedo HOL getu funaulafie sedy
HOL Tumynau HF Mlssumsgnusiousuwisdannnimdlundgu HE Alé¥uen Atorvastatin vl
wagnadeuouuvisiianuiiaulalunsihludanndelundndug onanamldimegnudeou
suwhansadfiaseiu HDL Teunnndinaslden Atorvastatin 5 me/Ke vimiing Senalunis
dussdu HDL dwuluiiniftedsifsdaunasnalififdddan fuduienanlin vensnaouaudh
Tunsan total cholesterol uag LDL W egnuaiousuwisdnniaiiilunisiia HOL fidaiau

4.5 Ysuay LDL

mylunduitldduemslusiugeiisedu LDL ifugetiuagisdaaundinyngu Control
d%u%gﬁi&"%’uawmﬂmﬁuqqLwﬂé’%’u dried mulberry powder VaanaU3naie 10, 100 wag 300
me/Kg ¥amiing dauilsysu LDL fanasdniou é’uLﬁu@mauﬁ’awiué’uwﬁwmmagnmjau
ouutielundail uonmioananandilunisan total cholesterol uazanauiAlun1sifiy HOL
yglungy HF 7ilasunsgniisusuwisUsina 10 me/Kg uwinghilen LDL #finau iiosannly
gnsn1sAuIM Y LDL = TC —[(TG/5) + HDL] Famndninaasailan triglyceride gand
total cholesterol agsilierAnay rnuudliuveansiwlugudl 4 szifiuldin nasgniieu
ouwa Tanantilunizan LOL Maawuiunn Fawalunisan LOL Hilwaifisuwinfunislden
Atorvastatin 71 5 mg/Kg Ymiiné Mliaaauddlunisan LDL mmwagﬂmjauaw,ﬁuﬂuﬁ
Uaula

nuanIsnaesfilsvivliaguldin nefaueIeuusis (dried mulberry powder) fianna
W 10 mg/ Kg Body weight ﬁﬂﬁzaw%mwmmﬂqﬂlumﬁamﬁmm lipid profile Tudu Tngsl
Uszansamlunisan cholesterol waz LDL unflgn ndn1sanssdy triglyceride Anaudii
ihaladnedumilsie droifiusedu HOL Fewuidludnuassalifihadiedifvia hlfua
wieufinnuhaulalunsimundundnsusifogunm Tunisan cholesterol way LDL wing
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ﬁ’uéﬁag”lumw dyslipidemia i cholesterol uag LOL guussediu triglyceride laiga w3e
#oansan LDL Judutladuiduavedisn atherosclerosis Tun1sansedu cholesterol NIy
WiwdmninisAnunludednliunindy szdlfamnsobuduauantalunisan total
cholesterol, LDL wawtii HOL tleliAnanusiulslunissusesnmninwdndasils
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Ahstract

Ubesity is @ glebal health protlem offze cavsed by 2 kigh-Fa dier

HFY. Carain aztaral produsts oxe prevent ckiz, inclyudiag
veelberry fowit { Morps 2% L.}, which dus Bezg repored to br able co redace fe body weight § BW) a3d cortaie seversd healek
beasfits. However, muowr studies Jave maiely lockad o the affect of pliet exmuces, asr i asterad eaprocassed raelbemy frvit,
Theredore, the presear stady sesbs to investigare the affest of dried reelbemy fr3% powder (DMPY on BW, feod iatike, viscersl fat
roowmtlation sad teer weight aad Tipid be mice fod with BB, CHTHL £ eubce wwers divided iate & gromps and fed with differeas
diets for 3 menthal i1 vormal diet {cestreld, dYy HP, ity HF+ L0 myrkg DMP { EF~-DMPL0), iv) BEP~-100 wgpskg DMP
(HF+DMPLOG) 32d BF=Smz kg arorvasratia (EP=ATVEL BW, feod iatike, viscerdl for socemalation and Gwer lipid dacladiag
votal oholesterod (TC) wad aiglycaride (TG veere evalvated. HF cossamptiza sigaificandy inoraased BW, food iatike, viscersl fat
wosmelition, liver weight 1ad liver TC axd TG (P« @008 v coazol}. DMP (10 and 100 mgske) sad atorvastacia effectively
redaced BW 1ed Food intake (P« 0.00L-0.01 ve BFY sed prevaatsd viscaral fur weopinnlation in EP-fed mice. The liver weight
veas fowed sipaifioset loveer in DMP groag {F< 0,001 vs HF), bat act iz ATWE growp. Liver TC wiz redaced by mearmear witk
DMP, both high wad law dese, and atervistatin { £ < 0,001 y5 BF), while tie redncsioa of TG was observed cely is the mice
treated with the kigh dosa of DMF or storvasratia { P 0.00L ve HPF). s cosclesion DMP, 1 autsrdl pagrecsssed dried malbammy
frait prodec, pesssased amri- ebesity by reduciag food iatake aed bedy weighe, DMP also improved liver Lipid profile, rhas i dux

be developed a3 food sepylemear for weight cortrel 1ed preveatice against lover lizid aconmylution dve ro HF corsymgtion.
Keywords! Morgs affa, Malberry Frait, Obesity, Food Tntake, High Far Dist

Introduction

The World Health Crpagization { WHO) detined obasity 13 ag abnermaal o7 excessive fab acozmulation thae
may impair kealth, Adule with a body mass index (BMI) of 30 kgsnt' or Bigher is penerally considered obesa
{Warld Health Orpanization {WHQ), 2020 ). The WHQO alse reperted that the worldwide prevalence of obesicy
Bues dramatically increased and has searly eripled since 1978, This paedemic hay become a global heals burdae
besause obesity ix a4 major risk factor for severdl chronie diseazas, including eardiovascular dizeases, diabetes,
nd seme types of cascers (Manna & Jain, 2015, Meldrem, Morris, & Ganbene, 2017; Parto & Lavie, 2017,
Elagizi et al., 2018; Saliba & Mattete, 2012}, Ir iz al=o associsted with poorer health outcermey and redsced
quifity of life, Alhosgh cobasity is 2 complex disorder related to euslti- factorial interactions of penetic,
socioeconomic, culoural iafluences, cowssnption paderns, urban development, ind lfestyle habirs, it is

preventable {Apovian, 2016; Cadde ot 4l., 2013),
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Cbezity fundamentally reselts frem ag epesgy unbalanca babweas calories consumed and ealories expeaded,
bense 2o increased intake of enesuy-denze foods (xuch ax kigk f2t and high sngar) andser o decrease in physical
astivity can lead ro obesity { Apovian, 2016; Meldrau, Mogris, & Gambeose, 2017). Maiataisisg healthy
tfestyle by limiteg energy istake from tetsl fats asd szgars, increasing conynmmptien of froits and vegsrables,
and engaging in regular physical aczivity can essentially prevent obesity (Maana & Jaie, 2016, Apovian, 2014;
Meldrum et 2., 2017, Gadde et al., 2018). Howaver, losg- terrs lifastyle modification is ckallznging wnd
frastratieg for obesa patients {Thomas et 21, 2014}, Pharmacclogical indervention, theratere, cosld be another
oprien to tackle obeszity. Thiz includes varices drups turpeting weighs Joss by incressinp energy expenditare,
spppressing pperite, inrerfering lipid metabolism, modifyies intestinal microbieta compozition or inhibitieg
pancrearia lipase o redzca lipid absosption in the intestine, navesthaless, their potential side effects could be
karmful and intolerant { Krentz, Fujicka, & Hompasch, 201t Gadde o 2l., 2018; Puel & Stanford, 2018).
In view of this problem, there has bean crowieg interest in the developruent of taod supplemments, and functional
ingredizats frem naturel wousces with less adverss effectz, for prevesting aed radzcing abesity (Fe er al,, 2016,
Sun, Wa, & Chau, 2018; Karrd et al., 2010; Redd guez- Pé rex, Segura- Carretare, & Contreras, 2010;
Wharvon et al,, 20207, Amang thess we mulbarry frzitz and leavas, which have been repastad to contain anti-
obezity propertias, asd possess saveral health benetits Lt ez al., 2013: Sun, Wo, & Chan, 20186, Yvan &

Zhae, 3017, Thang et al., 2018; Mahmowbi, 2019).

Malberry { Margr albr L. ), belonging fa genns Merss o the Morzceas funilv, has besn widely planted ia
several regicns lacluding Berepe, America, Africe zed Aszia { Yvae & Zhae, 2017T; Thang o al,, 2018).

LS

& nueaber ef biclewnical activitias of tais plent have hese reporeed sech o= asti-oxidation £ 2ag, Yang, & Zheng,
2010; Arfan 2t al., 2012} Leyve-Tirné eez ot al., 2020), anti-diabares {Jiac ot al., 2017; Min et al., 2020),
anti-dwstipidemiz Cang, Yang, & Zheng, 2010; Laz eral,, 2020), 2= wall as anti-obasiry {Lim et al,, 3013
Mahimoubi, 2019}, Regarding anti-ohesity propertias, it bas been repasted that maplbarry 2 of axtract ameliorsted
obesicy by redeeing far acommzlatien, hepatic lipogenesiz, fibrosis, and oxidative stress, but had so effect og
body weight in HE~f2d mice {Ase, o, & Lim, 3015; Les et 2L, 20100, while combined tastment of mzlberry
teaf and froit exmraer padzced body weight and ebaxity - relited ieflamoaation, aad cxidative seress in HE-iaduced
obesa paice (Lim et al., 2013). Io line with these findings, several stodies clearly support the beeeficial effent
of caztherry on obesity | J& zefozuk ot al., 2017, Ha at al., 2018; Mahmoubi, 2019, Metwally, Raskad, &
Mamond, 2012, Layva-Time nez et al., 20207,

Althozgh the anti-obesity properties of molbarey have been previeusly demenztrated, most invastigators kava
niainly fested the plant exerace, The exmaction metheds zued might vary front one ztzdy to another, kenca resnlring
ie the differ=at final bicactive comaponants of the extract, In addidos, melbasmy can grow in a wide razge of
climatas and =0il types, and ditfersat Rabitass can affect rhe chamizal cempoziien 2ed nufritiond statzs of the
planes, leading te che differsaces in pharenacological actions of dittersnt penotypes of M. afds (| Soag er al.,
2000; Yuee & Fhao, 3017, Layva-Timé nez et al., 2024). The frash or zeprocessad mulherry frait may partly
have mere advastage over the extract, in thac it centains the criginal nutrizet composition, wnd avoids zay

contuninetion frovn the solvent naad in the axtactics precsss, Thiz

20y 2iemy to evaluats the effest of malbarry
fezit prowe in Teailand on HF - fed mice, The driad mulbersy trzit powdes {DMP) was es2d in our study ia
ordar ro rest its anti-obesiry efficacy, and ro rest che bealth b2aetits of the axtural veproczssed torm of malbary

frzit, wiich can be exsily and safelv consumed az a teed supplernzat. The body weizht, food ietake, viscerad fac
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accupnulation and liver weighe and lipid levels, iscludiag total cholesrerel (TCY and triglyearide ([ TGY were

evatuared,
Methods and Materiala

Mulbarry Froit Sample Preparation

DMP was provided by che Thailand Institate of Scientitic 2ed Technelogical Research, Bangkok, Thailand,
Mature mulbarry {3 /b L.} fruies ware collacted from Nakhon Pathosa proviace, Teailand. The fresh easlberry
traits were dried vaing a fresze dryver and ground with a roller grindise machiae to obtain DMP. The obtained
sarmple was kept at -29° C, and protected frem light, until s2, The gaality contrel of DMP was carried our by
moeitering the total anthocyaain content in DMP, using the pH differential method (Chiovanalikit & Wrolstad,
2004). Tee IMP sasuple coataized total anthooyasie of 1.46 £/100 ¢ dry waight,

Animal and BExparimental Protacol

COTBL 6T feraale mice (18-20 g were purchased trom the Nemura Siaew Internztional Co. Lid,, Binghok,
Thailand. The asiual experimental protecol was ethically approved by Naseszan University Anbmal Care 20d
Use Conumitres | NUACUC, Nwresnan University, Phitzaszlok, Thailand; ethic protezel number NU- A
610727} tor the cure and vse of animals For sclentific prrpesas. Al animaks were acclimatized for 1 week s
plastic cages at 22,1° Cwith a 13-12 hour light-dark cyele and 2ilowed accesy to teod and warer ad Sbiwm
at the Ceatrs for Animal Ressarch, Naresnan Usiversity, Phitsiczlek, Theilied. Betore the experiement, they
wers randomly dividad ieto 5 groups, each were fed with a differsst diet for 3 moaths; i costrol {nermal dist),
it} high fat diet (HF), i} HF-10 mpsky DMP (HE+DMPLOY, ivi HE+100 mpska DMP (HF-DMPL1OQY,
and v) HF= & mg kg stervasttin ¢ Lipitor, Pizer phanuacesticals LLC, Freibusg, Cenmuany) | HF« ATVS).
Composition of pormal and HF dier, obtaized frem Harlae Teklad Laboratery, Madizor, Wisconsia, USA, was
shown ig Table |, HF+DMPLO, HF+DMP100 and HF+ATY S groups were daily fod with HF 184 coscomitantly
orally admtinisrered 10, 100 wzs kg DMP and 5 meske atorvastating respactively, via the istragastric soute.
Watar was esed isstead in control and HF growps. The bady weight of 2l aniraals nd food intake was monitored
throughout the experimental pariod, At the end of the expariment, followisy overnight fazdag { 13~ L4 hous),
mice wee sacrificed by 2xsanguinztien 2frer deep rsestherizition with intraperitonsal injecrion of 50-70 mgske

sodiw thiopanral, thea abdominal visceral tar and liver ware nollected for comesponding experimests.

Tablo 1 The comgporitizn of diets poad in the sxgecimear

Diets
: Welew (8 1y wi) Normal (T2018C3D) High fut (TDO20ZRY
— Predsia {1 17.3
Carbekydrars 44.2 d@.3
Far 6.2 1.2
Cholestarol - 0.2
Baorgy (koal/gram) : V 3L 45

Agipaad diess were cbtaized frem Barlas Teklad Laboratory, Madiser, Wioeasie, USA.
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Visceral Fat Accumulation Measarement

Wiseeral tat was collected by sepasating it froom ke abdomival eavity and rhen weighad, The quastity of

visceral tas was expressed 15 parcentage of body waight (g/100 2 BW),

Liver Lipid Profils Analysis

Liver was collected and thea subjected to lipid profile asalysis by the fellowing procedure, One gram of liver
wis hemegeeized in chlerofomn end methasol ac the ratio of 211, thes the sample was centrifszed ot 47 C, bog
rpim ter 10 mia, The sppersztent was collectsd and muined with 0.5 N1, tellowead by centrifzpation 1t 4° ¢,
300 rpea tor 10 min. Then the snpernatant ws collected azain asd saderzone nimogen purge in ordsr to remeve
all the solvent. The serwi-solid lipid remeants were selubilized with 246 mwitos X and levels of TC, and TG were
epeaaured using an eazyesitio coleriuamic test pocording to enanutacturer protocols L Heman diagnostic compasy,
Wiezbaden, Garraany ).

Statigfical Analysia

Al daty were eupressad as meag srandard asror of maan {SEM) of o azimals, The statistica] sigeificasce
betwaen prozps wis evalnited wsisg studsne t-test andser ANDVA fellowad by ke Tukey-Krames post hoo

test. Waluag of P < 0,00 wers considared statistically sizeiticant,
Reqults

Bffect of DMP on Body Weight and Food Intake

The body waight wnd tood intake of mice were dailv monitorad and eviluatad monthly 24 skowsn in Table 2
and 3, eespactively, Ia the HE group, the body waight wis sicnificastly higher than in the conwrel arosp
throughout the exparimental peried A < 0.001 vy control, Table 23, Da ke other hand, the DMP-fed mrowps,
both 10 and 100 rgike, preseated a lowsr body welzhe than the HE group {Tablz 2), 1nd these vilues were
clearly restecad back to noomal. Bfffewy of low and high dose of DIMF ig reducing body weight was generally
similar, except for month 1, where the hizh dose appeired ro be mera effective than the low dose. Treamment
with atorvastatin af the des2 of & mgrske also reduced body waizht, bot the siceiticaat affact wis obsarved at

moeth 3 of the experiment (£« 0,001 vs HE ).

Tabla § Eftect of DMF oa body weight of mice

Eody weight (1)
Moath Coatrol HE HE+DMF10D HPE+DMP100 HF+ATYS
0 20.24% 08d 2035+ 0.3 20.49% 0.20 26.26% 0.26 20.44% 0.26
1 20.65% 014 23EdE 04T 246E 000 2l.46% 01 2235k 0.21"
-] 21.60% .22 24.95% 022 2LTH 920" 2205k 0817 23.6)E 0.33
a 22.34% 030 24.64% 0.27 22.81E 0200 13.13% 006" 1135 0aae

Pe0.05, TR 0001 v Coetrol in the rarms meeth }
TR0.05, P 0.0L, "M P 0.00) vs BF ia the xams mocth
; BP, bigh-far dier; HR+DMPLO, Yigh~far dier<10 emgrky dried malberry it gowder, HE=DMPLOD,

v

Coatrol, 2onual &
high~far diet+100 mgrhz dried malberry freir povder, HF ATV S, Yigd-fur dise+ 3 ogeky atorvestaria. Walses are presented as

reaaa SEM (= 31
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Besides imcressad body weight, the HF group also xhowed an increase {-1.7-2 fold} in tood inteke [P
0.0G 1 vs comtrol, Table 37, whick was sigaiticently reduced by treatment with either DMP of atorvastatin (P
0001 vs HF ). At mostk 1, Bigh dose of DMP and atorvastatin were emore effectdve thas low dose of DMP in

devreasies feod iatake,

%
Tabls 8 Eifect of DMP on food iarake of price
Month Contral HF HFDMP10 EF+DMP100 HF+ATVE
1 2.8 0.06 5.31%0.007 420+ 026 SN S5 LI 3.36% 007
2 2.02% 9.0k sl ek o2y 3.A5E 0.0 Jdst o le”
i VT 0.07 534%9.227 1.hekpaa’ JAIE 0.1 3.a4E 0137
‘P (.05, P 0001 v Coamol is the same moatd
| *F 0001 va HF ia the same meetd
"Po (.05, M P 0.001 vs BF-DMPLO in the sume zonrk
. Coamel, sorpeal disr; HF, bigh-Fut fier; HP+DMPLO, bigh-far disee 10 mgcky dried mulberry frait poveder, BR+DMPLDD,
Kigh-far dier+ 100 kg drisd enalberry froir powvder; BF«ATVE, digh-far dieced mgrky arorvastaria. Valees are preseated s
et SEM (e = 3}
Bifect of DMP ot Viscersl Fit Accumulation and Liver Weight
HF consumption dragmatically inzreased visceral tat accumulstion by =-1.8 fold { £ 2 0.001 v= coatral, Tabla
4, whick wes signiticantdy redzced spon che trezument with high dose of DMP (100 mgske, £+ 0,01 vs HF)
or atervastatiz | P« 0,05 s HE ), Sinilarky, Hver weight was also remarkably increasad in HF grosp (P 0.001
s coatrol}, DMP, both hich ad low doze, but aob stervastatia, effectively rednced liver weight [P« 0,01 vs
HF).
Tabdu 4 Effect of DMP pa visceral €at and Livar weight of rzice
Liver 4.23+0.18 6.49% 0,107 BELEQLSTT seTEoa™” g.16% 0.08"
‘P 0.0§, TP 1,001 v Corrol
PR 0,05, 00 s HF
Coamsl, serual disr; HF, bigh-fit dier; HF+DMPLO, high-fat disr=10 mg/kg dried mulberry it powder, EF+DMPLAC,
Egh-far dist+L00 myzckg dried moalbery freit powder; HF ATV, digh-tar diers$ gk wrorvastatia. Yalees are praszaced 4
meaat SEM (e = 51
Effact of DMP on Liver Lipid Profile
Both Hver TC and TG ware sigaiticantly increazed in HF group (£ < G001 vx coatrol, Table &), The liver
¥ TC was reduced by meamment with DMP, botk low wnd high dose, and atorvastatin P 0000 vs HF). The

seduction of TG way observed enly in the maics treated with kigh dose of DMP { P+ 0001 vs HF), and thin was
ntore progounced in atorvastatin group {F+ 0.001 vs HF, DMPL9 and DMFLO07,
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Takle § Effect of DMF on Lver Ligid pretile of miss

Liver Lipid Profide (mg/50 my Hiome)
Faameter Cambral E;W HPtDMP1O HPF+DMP100 BFESATVE
T™© 12.61% 070 LIT.4EE 4047 23.0LE 2377 AT17E 5160 A2.a1% 107
TG 10050 2,45 153.38% 4137 142.22% 2017 DIT04E 161 A0.20% 064"

P 0,08, P 001 TR 0.001 vu Coxrol

"F. 0.001 w5 HP

PP 0001 v HP+ATVS

Coxmel, sonvad dser] BF, bigh-tat disr, HE+DMPLO, Yigh-fur diar-1Q mgrky dried walbery frai¢ zowder, BF-DMP1QQ,
high-fat dist+ 100 qugrkz drisd moalberry freir powder; BF+ATY S, Yigh-fur diere 3 psdy storvastadia. Valass s presearsd a3

meaat SEM {2 = 3.
Discussion

The presant srady danoastrases thar deied vanlberry truie powdar { DMP) reduces body weight, tood intake
and viseeral far wecnmulation in HF-f2d mice. It alse decreasss liver waight and fproves liver lipid profils.

In our stzdy, HF-fed mice ware charsctesized by sipnificant increases in body waight, Foed intike, vizceral
fat acozmuzlatien, Dver weipht asd liver lipid levels jecluding TC a2d TGO comparsd with the control, These
ibnermalities were often oboarved by soveral other sfzdiss wzisg a sludler ewpzcicsantsl animal model ( Lim
et al,, 2013, Mabmeod, 2013 Asn, Ee, & Lim, 301 5; Laa ot al,, 2018, Admicistration of DMP {10 apd
LOO0 mgsup) successfelly rastered body waizht of HF- fed mice bick to sormal, whick is consistest with the
anfi- ebasity preparties of mulberry reportad in mest previons ssndies | Litn et al,, 2013; He ot al,, 2018 Li
etal., 2019 Leyva-Timé nez et al., 2030 ). Nevertheless, thers s a variation in the effect of malbern ca body
weight, tor examuple, some isvestiparors repomed thar mulbersy leaf extract had no effact oa body weight, bat
could mmalicrare obesiny by redacing tar accuraplitios, hepatic lipogenssis, fibrosis, and oxidstive stress i HE~
fed raice {Aen, Bo, & Lim, 2018 Lee et al,, 2018, while ethers, similer to cur finding, shewed that melbarry
trzit extreot, sailberry leaf exerear fremn seme M affw pesobypes a0 the combination of froit and leaf extract or
powdsr could effsctively reduce body weight and alse provided ofher health beoefits (Lima et al., 2013;
Meswally, Rashad, & Mahomoud, 2018, Li et ol 2019 Layva-Timé eez 22 1l., 2020, This discrepancy could
be dae to the diffessacey in genetype of ML wbe extraction procesy, and parts of the plant uzed in the studiss.

The vadeslying mechanisms of sction of DMP-indveced waight loss are likaly dze to the combired effects of
severzl phytechernivals found in M afbe, wuch as ezthesyanins aed polysacchurides { Azzisi, Ciacomet, &
Ruzse, 20LT; Les et ul, 2017, He et al., 2018). Anthooyasias, a sebfanily of flaveneids, act by modalatiag
glecose, lipid and assiso acid esetabelic pathways je vasions razgets such as liver, skelstal muscle, adipose tissuss
and panereas, leadisg to the Increase in farty acid oxidation, the lmprovemest of insulie senzitivity and glucoss
sptake, the reduction of oxidative stress, ioflasmuatios, and faty acids, 1ed the inhibition of cholesterol
biosyethasis, resultiag in a decrease ie body weight and far accsmizlation  Azzini, Cxiaccnﬁ»:‘m, & Ruszo, 20173,
Naot only the phenclic compoznds, but the polysacchurides isolated From mulberry frzits, also have bean zhows
to stmulte lipolysis and inkibit pra- adipocyre preliferztion, thus reducing fat cell numbars and adipose mass
{Chei et al., 201%6; Ches et al., 201 7%, Thiz 1orees with osr resnlt showing that DMP, with 1 dose-dapendant

effect, dacrelzad viscardl fut accwnulation ind body weisht i HF - fod mice, In addidos, the reduced body
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weight is well corcelated wich diminished food intake in DMP tre sted mice, suggesting that the DMP anti-obesziry
machanism may alse ievolve ipperite suppression, as previowsly reported (Yiman et ab, 2016; 3019)

Our DMP zhowed bemeficial action in prevesting the liver snlargersent induced dy HE. This effect is
gszociated with the redection of liver TC znd TG by DMP trestiment. A« mentioned eartier, DMP mechaaizm of
wtion is likely dze to its active ingredisats, ssch as anthooyaniny, whick have beea shown te modelate several
veetabolic pathways of variozs organ tarzets incleding livas, At the catluler level, anthocyanin has baen shows
to 2otivare AMP-activared prorein kinzse { AMPE ), whick phosphorylates the stero] respoese alement- biadieg
protein- 1o { SREBPle}, resultiag in jehibition of de sovo lipogenesis [ Gao et al., 2012). Asthocyigin also
stimulated peroxizemme proliferator- wtivatad recepter alphz { PPARCL) , the myjor lipid oxidation regelator in
liver, caguing the incraase in farry 22id oxidation, heacs redecing hepatic lipid concentration {Jia et al., 2013).

The prezeat study usad worvastatin 15 a positive centrel. It is 4 lipid-loweriag drug, acting vii the inhibition
of 3-Bydroxy-3-methyvlelutaryl-cosazyme A (HMG-CoA) redzctase, the rata-limitiag enzyme in chelesteral
synthesis, resalting in rhe effective suppression of cholesterol production (Istvan, 2G02, Ward, Watts, & Bekel,
2019). Similar to ovr test product, DMP, atervastatie also showed positive effects on HF-fed ruice including
the reduction of bedy weight, food intake, wizceral fat accumulation and liver TC and TG, However, unlike
DMP, atorvastatin wis unable to restors the incregsed liver weight causad by HF consumption. This may bmply
2 hepatotoxicity is atorvastating 25 it his bess repostad that statiss cosld indnce hapatocelizlar iajury, although
the mechagizms aze 2eill zaclear {Ward, Watts, & Eckel, 20019}, Thiz iz of intarest siace it suggests thae DMP

is appareatly safe ind could halp pevent the liver abnormality caused by HF coasumption.
Conclosion and Suggeations

Taken together, our reaglts indicats that DMP carries asti- obesicy propertizy asd has a beseticial aftect ia
tke praveation of liver lipid acesmulation, This is zong the few studies thar have rested the biological activiry
of nateral seaprocessed mulbarry Eruit, which cozld patentially be cost- effectively and satelv developed as
distary sepplerzent in local markats, Thars s, however, 2 n2ed to ferther charscterize the netrienss ind chemical
composition of DMP, as well 45t evalvae the protective effact of DMP oz chrosic dissees associatzd with
obesity sech an cardiovascular diseases, dyslipidernia and diabetes, Foll rzage of liver lipid protile inclzding TC,
TG, LDL aad HDL as well ay liver hizmology skoeld also be evaloated. Clinical mizls designed to investigate the

safery and health benetits of DMP ase 2lso required.

Thiz research wis tzaded by Natienal research council of Thailasd { Graet aurmber: RAZF83B08T) asd
Agzrivaltural ressarch  development agescy { Public orpasization)  of Thaitand { Crmnt esmbes
CRPEZOG0ILIB0). We also would like to thisk the Coster of Excellence for Innovation in Chemistry
{PERCH-CIC) and tha International Research Network (IRNGLWO00S) on ressarch factlicy support,
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